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SECTICK I 

ABSTRACT 

(C)     Studies of the preparation and properties of AIH3-U5I 
have contlrpied.     Kagnesl'-a has been  Incorporated  Into product 
cade bj the continuous crystallization  tecanlque;   Improved theroal 
stability  Is observed  In product froea the   Larger unit.    Flaae 
photooetry  Is used  to  detTnlne  the equivalence point of the 
A1C13-L1AIE»  reaction  for alualnua nydrlde  synthesis-     Teflon PEP 
showed excellent proalse   In  the  laboratory as a na^erlal of con- 
struction for alxaaln-ja hydride crystallization,  but adhesion of 
product still  reaalned a prcolea  In a   5-gallon crystalllzer aade 
froo PEP stock  Iteas-     Structure studies  of AIE3-I451  Indicate 
the decoeposltlon oechanlsa  Involves  loss of surface hydrogen 
and fomatlon of aluotlnua nuclei and anlon vacancies.    Density 
oeasureaents or contlnuoaa  ard batch oagnesluai-doped AlE3-l-i51 
show that oagneslua  for=s a   sjbstltutlonal  solid  soiutLan.    The 
degree of lEproveaent  In  thercal  stability  of  "aged",  cagnesliaa- 
doped batch saaples of AlEj-i-f-l correlates witj the  Initial 
gassing observed during testing at oCTC.    Water,   Identified as a 
sajor  -onponent of the gas,  plays a eajor role  In the aging pro- 
cess.    Heat treataent has  Increased the  stability of sooe AIH3- 
1*51 saaples;  storing under hydrogen pressure Jas not.    The 
deccwposltlor. rate of standard AlHa-l^l   In double  base propellant 
at 25'C. beaaae constant at O.lljS per year,  requiring 5C6 days 
to reach 0.3^ decomposition;  at *0'C.   It  reached O.695S decoa- 
posltlcn In 471  days.     Dcjbl" t»?* prcpellant ccntslr.lng iäög- 
neslua-doped, _in situ DPA-treated A1H3-1A51 shows a  twofold 
iRproveaent In stability over standara hydride at both 25* and 
^O'C.^ fegneälua-doped.   In situ DPA-treated, and sagneslua-doped, 
"aged" AIH3-IJ51 are reoarkably stable at ÖO'C    Prcpellant con- 
taining ■aged", Bagnesluo-dcpei A1H3-1*51  d^coaposed 0.7*% after 
2*3 days-    Ägneslua-doped,   In situ DFA-treated A1H3-1»51  In 
double base propellant reached Ijt decomposition In 173 days;  In 
conposlte propellant  It reacned C-8-5f decceposltlon in 91 days. 
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(el     Studies  or.  the  prepa-raticn and properties of Irprcved 
AlHa-l-S"- continued     through  1960.     Kagneslus concentratlcr.;   jp 
tc  2 wt.   $ wre  Incorporated   Into prc-duct cade by the  laboratory 
c-T-.tlnuous process,  tut  ar.   Increase  In stability cotrparafcle  to 
that  of batch raterlal   ^as nit   realized.    A study of a r.u=ter of 
p:"oces3 variables  resulted  In nc  IrproTesert   In stability.     Studies 
*o 'understand the zechar.lsc by which -a^nesl^n stabilizes  AlH?-l-r- 
ar.d  to ieterr:lne the  differences   In morphology of the hydride  crys- 
tals  continued. 

(C"     \dor< with the continuous  crystalllzer has  concert rat t-d  c- 
tlor. stability,   ellrlratlng or rcduclrg crcjuct  ai'.f 

Into  the crystal   lattice cf A1H 
rprovlng 5 

-corpora ting '.es «1 —   «„►. 

ar. 
as 

ro 

Ty.e cor.dltlcrz retired for direct nucleatlrr. 0 
:he 'therral seealrg" technique have b^er. rcre c 

d higher feed rates {2 =oles of AlE^/hr.) have teen 
e-d. Three types of decocpv-s'.tlon have tetrn recogr.lz 
ted t: therral sensitivity of the rater* >1 and the c 
e presence of Irpurltles. Techniques have been deve 
fectlvely control the rate of decocposltlzT. In the c 

periods up  to  17 hours. 

f  A1H, 

5 JCCr?S 
^ -*       - ^ 

opea 
rystal 

_ -1 •3- 
def 

llzcr 

Kagneslur: has  been  Incorporated Into  the crystal   .i' 

x*-!. r* h 
-HI 

. •. »   - r, 

*tlua trronydrlj- 

o*   rixit^ —."•^_  v.a  t..,c   .a.^er" 3ca-c  cont^r.ucuz  crrsta. 
corplex hydrlie LLyglAi:-:*, 3  as   the  doping agent 
concentrations of  llthlu= al'^slnus hydride and  «..itA-^a 1. v^---«^ 
Ir. the  feed solution prevented  the precipitation o*" tne  dopl'r 
a^ent at nucleatlon when the ether concentration  la   low-     ^jg-csl-z- 
conc er. trat Ions greater than one percent were  obtained ard  sr=€,  but 
not  all     sarplrs shovred   Inprovesent  In stability;  ore,  co^'il'l'? 
1. l(Xe nagneslur, required 2r  days  to  reach  '.% decccpcsltl;'. 

(Ux     Polyperfluorcethylenepropylene (PEP)   shewed eice.le't 
proclae 2LS a naterla.  of construction In the   laboratory.     El^-.t 
runs nade  In the   laboratory 3-1't^r PEP crystalllzer   -   ier   1  v'.-i- 
variety of conditions  resulted  In excellent: nucleatlo-   i'i   ■ fun- 
gible adhesion and decorposltl:*: of product.     Less cl^ar.-jp  tr-ät- 
rent between runs without  IO'JJ af product quality waa  »iir pcfslble 
with the PEP-llned vessel. 

(C)     Successful  use of PEP In the   laboratory   led  to  the   fabri- 
cation of a ?-gai:on PEP-llned crystalllzer.     Adheslo--   reral-e-i   a 
prob lea In the   larger scale unit,  but the product  adhered   In  tne 
fcr= of "shtcts" of AlHa-l-^l  c.-ystals which  Tlaxe" alter a period 
of tine.     T^ils »ay be due to crystalllzer design,  ag^tatlor,   or 
sose other syste« parameter. 
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(C)     Laboratory contlriuous cryatalllzation runs with polytetra- 

fluoroethylene  (Teflon TVE]   lined veszels  Inalcated that AIH3- 
1*51 adhered only  to surfaces  through which heat was  applied.    A 
single  run la a pyrex vessel  showed  the sase effect wh£n heat was 
applied ty tseans o:   a ^-OO-wa^t  Ci3-<Juartz pencil-type  iener^lon 
heater and the bath  terperature   lowered frc=  100"C.   to 35"C.     The 
result was all AUU-l-^l with nc stlcjctng OR  the sides of the 
pyrex flas^c. 

(C)     The optlsia cor-iltlons  required  for nucleatlon of AlHs- 
1*51 and  for the growth of good crystals  are considerably different. 
It has  been p:-oposed  that  these  two stages  be  separated and  that a 
continuous external  nucleator fce used * ? supply AlHa-l-^l nuclei 
tri a continuous crystalllzer unit  operated at optisLs crystallizing 
conditions.     Preliminary,   ssall-scale  .aboratory woric with this 
concept has shown encouraging results. 

,r excess  llthlun 
The possibility 

(C}     Place photometry has  been used  to detemlce the stoichlo- 
=etrlc  equivalence point  of the aluslnua chlorlde-llthiua alidnua 
hydride reaction,  and to deter=ir.e tr.e aoo'^nt o' 
aiwalnaa i'ydrlde   in alusilnua .>■^ydrl•'^e solutions, 
of detersiring elements ether than lltnlua was  Investigated by 
scanning the  flame between 35O0 and 9000 A.     Only sodlua was 
detectable,   If boron and/or sagneslua are  to be deterained,   it 
will be necessary to hrdrolyst-  tne sample and  obtain the eslsslon 
spectraa cf an aqueooa solution. 

t n 

position mechanism involves  tr.e   less 0 
forratlon 0 

3-1-51   Ir^Jlcate   ti^.1  U     decoö- 
surfaoe  hydrogen ^nd the 

aluminum nuclei  and anlon vaca.:cle-3.     It Is  believed 
that decomposition Is  Initiated at  the surface cf tne cryatals, 
and  that,  by understanding the oecnÄrJ.53 involved.   It snoold be 
possible to significantly reduce  the rate cf decocpoaltlon of the 
hydride. 

(C)     The  incorporation of magreslug into  the crystal lattice 
of ALH3-1^51 greatly  increases   the  themal  stability of batch 
material,   but  it ha.s  beer, shown, by rec^r.t  work wltn the coctlauous 
crystalllzer that  the stabilization cf tne hydride by this oethod 
is not a simple process. 

(C)     Density cearurementa of aliasinua hydrlde-l^Sl obtained fron 
batch and continuous sethods   indicate thp aagneslua-doped  lattice 
represents a substitutional solid solution phase.     Other factors 
must  be responsible  for the variation in stability exhibited by 
nagnesIVB-doped samples. 

(C)     Racrocrystalline AlEa-l^l,  surface-created with dlphenyl- 
acetylene (DPA) ,  showed a twofold  Improveoent  in stability,  *ille 
magneslua-doped saterlal  treated  in the same Banner shewed a four- 
fold  increase.     The optlmun concentration of the EPA wash solution 
was established as 2-5 g-  DPA/?50 al.  of benzene;  sbaolllty maz 
significantly  increased by the  in situ treataent with the DPA wash 
solution. 

-3- 

CONHDENTIAL 



CONHMMUHAa. 
(C)     Tt^e above coating  techalqve did not deposit a  sufficient 

aoount  of DPA en the  s'-^"fac€  of AIH3-I451 prepared by  the continuous 
process.     3y u^lng an e'vaporatlcn technlq-je,  whereby a  known 
ancur.t  of  DFA  In an ether  solution *as  dried on  the  product,   con- 
trolled ano-r.ts of DPA were deposited on  the surface. 

.     1 

(C)     The aechanlsa cf D?A stabilization of A1H3-1451 vao  In- 
vestigated.     It iras shown that  nc   In'tlal  chemical  reaction be- 
tween  the  hydride  and  DFA  occurred,   since  £5%  or oore  of  the  DFA 
deposited by  the   treatrsent was  reooved by a  single wash and  It 
was  ccncludei  that  a  weaic electronic  couple  Is  foroed between DPA 
and AIH3-I-5'; caiL=^3 stat • -V«"   «-..t zatlcn  t 3 a  very  Intlxaite 
ccntact between the :A anc  the hydride surface. 

(c; A  sc ?enl r— -    r,— rogran acetylene  derivatives and ccctpounds 
containing one  or r:cre  phenyl   groups  was  carried  out.     Most  of   the 
cenptunds  desenstratrd   oooe taJ i i-:: effect,  but  none exceeded 
th0   stat'llclng effect  jr  lengthsnlng of  the  Induction perlfxl cf 
2T\. 

iglng 
Studies   ..r^   nai*-  to understand and characterize  the 

ularly phenccencn,  whim  Is particularly  characteristic  of 
rasnejlj=-d:p^d h.'drlo-;   tne   latter exr.lblted as rruih as a  seven- 
"o-d rreverent  rr'-ie   ic v-^ ;ns-t€ra icra. The   Incrtdse   In 
stability was prcpcrtlcnal  to  the aagnesl-n concentration, with 
concentration greater  than  l.C? necessary  for large   Icprovenents 

*Z]     Samples whlth ^^r-*  r^-oved   frca -I5 C   storage and allowed 
to  st^nd at  at-lert   t^np-rat-r-r  f3r fo-r d^y^  snc-»-d a  considerable 
decrease  In  Initial passing anu a   oorresponalng  loss  of stability. 
Heat   treatment of  "aged",   üagn-rslua-dcped alusln^a hy3rlde-l*51 
1-- — ^V"0 ■* slightly benrflclal  in  l-sproving stability. 

The  ssall ?3ount of Initial  rapid gassing evolved frooi 
,   ragr.esi'ja-dop^ 1  sa-pl^s  at   oC wa ?  found •»Iä»:» 

rougnly with the   Inpro---'sent   In tneraal  stability.     Analysis of the 
gas  showed  the tsa^'or constltur.nt   to be water vapor,  which appears 
to b-e  playing a cajor rol^   in  th-r   "aging" pr'>orss.     The  type  cf sur- 
face  str-uiture fcrs-d nith water in oo-abinatlon with nagntslua-doped 
AlH?-li31 nust detersi'r?   tne   sprtifi:  conditions  necessary  for eaxl- 
aua benefit by wat-r  treata-rnt of tae hyirldle. 

' Techni-^jes for a-.ce'.t^rat 1-v  the    aging    of Bagnesljx- 
doped AlH-j-l-i^l were   Inv^stiga t^^-     «ater «vis  frozen onto the 
surf a: of the hy-zrldf -l?c'C and allovfd  to stand at  rcoa 
te=pera*ure  before  heating at t'.',   TCC,   60: „   yi*  and,   -O'C.    The 
sa^le  heat  treated at   -J C.  exhibited  the.  aost  Initial  gassing 
an- increase   In  stability requiring over 
'.? decomposition as the  standard. 

e as  long tt» reaon 
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(C)    Racrocrystalline,  sagnealjc-Joped  and ragn^sl-«-doped, 

DPA-treate<3  Ä1H3-1^51  showed no  Lncrease   Ln  rr.erial  stability 
wren stored  .mder ^,^Z/0 psl of hydrogen at aablent  teaperature 
for five aonths. 

(ü)    Cycling the  tenperatare  between 7ZaC.  and ^O*?, prwiaced 
approximate 17 tt« 3a=e decoapoaltlon carve as  that obtained  at 
bc\.  under  Isotherrsal conditions. 

(Ü)     additional reflne-rent of the alxzlr.-js. Qejterldi-li.51 
strjctare was acr.leved  dorlrtg the past  year. 

(U)    The  long-ter=r sarvelllance of aljrlnja hydride stored 
neat and   In propellant  fom-latlons  at  -C'C,  anbler.t  tesperatare, 
and   -15"C. continued.     Theae stjJles  snowed  that significant 
aaount-s of decor^osltIon of macrocrystalline A1H3-1-51 occ vrred 
after three tiontr.s '  storage  at  -:':.     The ötaclllty of aacrocrys- 
talllne  sa-iples  alsc  steailly ^ec rejs-ed In proportion  to storage 
tl-e  at  iD'C.    Ragr.es 1 u-.-copej  sa-pler   Jecreased   Initially  In 
stability,   but reached   a  platea-.   Indicating  tney may  re  unoer- 
golng an accelerated   "aging". 

(C)     Samples  stored   3t   ardent   te-tperat-: 
two years  nave decorrpcsed   le^s  t-.an   1^,  whlli 
■1$"C.  exhibit no  decorpoölt Irr.. 

•  for  approximately 
tnose 3tored  at 

recent   data   Indicate  that sacro- 
crystalllne  hydride   Is  -uch -sore stable  a*   lewer temperatures than 
orlglnally predicted. 

(C)    A .standard macrocrystalline  Al-'3-1^51 sa-tpl*1   lr. double 
base propellant  reached  J .J^f  ^econposltlor.  Ln 5<lc  oays  at 2^rC. 
After tne first  1!T  days  tne   jeconpos It lor  rate decreased and re- 
gained constant at   2 .Hi p^r year.     Tr.e  sa^e sa-ple reacr.ed  C .69^ 
decotspc-sltlon In -'7]   dayi  at   -I'J. 

(C)    Sanples of d;-.rle  tase propellant containing  Irproved 
ragT^slur-d-Dped  ano nagreslur--doped,   Ln  sit j  IrÄ-treateJ  alunlnuc 
.-.ydrloe-l*^! s'-ow approxl-ately a  twoTTli   l-provecent   In stability 
ovf*r standard  r.ydrlJe  at 25*:.   and  -   V.    »io decrease   Ln iecoc- 

L-sllcatlng tr.e statlilzlng effc-: 
was  Ineffective at -.''. 

me c33 ^z —f ase  propellani 

(C)    The  slower deoo-posltIan rates of Al~.,-I-.':!  In enable 
base  propellant  appear  to  Le t-.e  res.^t jf In s It-  reaction of 
the hydride with nitric  oxide lomed   In t~€ secorpos Jtlon of   the 
propellant. 

(C )    M^gneslus-doped ,   In situ TPA-treated  and -sagneslor.-doped, 
"aged' aluslnuc hydride-1*5T iT-jw reraricable stability Ln both 
double bas- and cocposlte propellant at 6^':.,  rarsglng fros 3 two- 
fold to nearly a tenfold   Lrprover.ent over standard  aljnlnun hydrlde- 
l^^l.    The aost stable sample contains   "aged",  lagnesl-c-doped 
ALI?3-i^51, deronposlng only ■Z.T'^t after 2*3 days.     A similar 
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stability Is shonn  la »wo asgneslua-dor«! In situ WA-treatcd 
Alfl3-H51 propel lant  snaplea.     One reached-^ decoapo3lt?.on after 
173 dajs  In double base propellaut  and  the  other reached 0.3*51 
decocposlt.ron  In  91 days   in coeposlte propellant. 

(C)    Controlled quantities of water 2dded to an A1H3-1*51 
propellant nix appear to  have  a  very significant stabilizing 
effect.     ÄlHs-l^l double  ba?e propellant aUc to which 0.25* and 
0.5* wattr was  added decocposed  only 0.5*? a^d 0.^6* respectively 
In *1 days at 6c*C. 

(C)    A  single eiperlaent   to deterr.^ne  the diffusion  rate of 
ant using ra< 
/hr.  at 25*C.  and  one atao- 

hydirjgen  through double base  propellant  using radioactive trl*' 
gave a  value  of D - 3.65 i  10  * ca.2 

sphere  pressui^. 
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SSCTICN  III 

(U)     THTÜSICAL RZSÜLTF   A^^D DISCT:S3I?N 

(C)    Research d-irlr-g  1966  has  teer, r =ncentrated  on saiclr.g 
Isproved al^nln^s r.j ^s crystalllza' Lor. 
process,    r-very phase aT  tr-.l-s  «aric has  b»en  tacked  .ip  tj labora- 
tory  studies  to  flr.c  the   best  possltle   t-srhnl^-ies   and  conditions 

IrcreasL-.g  both  the  quality  and   ylelci prod^c A better for 
understanding of the  decomposition sechanlsrs  .".as  teen  cttalned 
and  statlllzers which -arx^-dly  Increase  AIHs-l-rl  statlllty have 
been discovered.    Long t^rra sur-.-e 11 lance  studies  of Ä1H3-1-'51 
sanples  nave continued  and   the statlllty  of propellant  samples 
containing  i=proved  ALH3-li51  has  t-eer. deterained. 

A.     rVyD^TgXTAL CHYSTALLIZATI^  STUDIES   TP AlgXgfUg  KYDRI^H     (U) 

(U)    Research  in  the crystallization area daring  19^6 was 
oriented  toward developing an optisun systen for the direct crys- 
tallization  of AIHa-l-^Sl.     It   Is   expected   tnat  a  product  so ob- 
tained  bill  possess   inproved  physical  and  chemical   properties. 

1.     Latoratorv St-idv of Yarlatles  Affecting Crvstal 1 i'ation and 
Statlllty     (TT 

\~ 1 -.esearch error 
:ratec  on  developing  a   tecrj-.l^^t 

yeir have   o-een concen- 
'rr   L'-.corporating -agnesl^n  Into 

the  hydride  lattice   -sing the continuous crystallization  techniqae. 
and on elucidating the process  parameters  whlcr. 'ect  r.jcleation. 
growth,  product  adhesion,   ^nd  stability  of crystalline  AlHa-l^Sl 

a.    y.3gnesi.r3 Incorporation via  the  Ccr.tir.^o-:s  Process     (G) 

(C)     Previous  work  -ising the   "eaten process" shewed  that the 
incorporation of snail percentages of magneslus  into A'_H3-1451 
causes  an exp^r.sion of the ■ydrlde Lattioe  and a :3tan .13. in- 
crease  Ln  its  thermal stability.    A rocparatle  increase  In sta- 
bility due  to the incorporation of -agneslur: was  sought  for mate- 
rial made by the continuo-^s crystallization process.     Inl-.ial 
»orte,   however,   indicated  that  differences   between  the   two processes 
existed,   and  problems s-ch as  high chloride concentrations,  phase 
problems,  and a  reduction   in crystallinlty wa-ld require  further 
study  before saiim^rj  benefit   frur magnesiun co-Id   be  realized  for 
the cc/wtlnuo-iö process. 

(1)    Add it.on  rf yagnegjja Chloride     (U) 

(C)    Anhyo.rj'js magnesium chloride,  whicn had  beer  used 
3■xo'»'*'»fully  in the   "batch process",   failed  to produce satisfactory 
results w'uen used  in tne   "continuous" process.    Vhtn  It was  added 
toa solution of llthijm alosslnua hydride prior to al-clnua chloride 
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addition, no significant 
Into the hydride lattice 
-tagr.eslja chloride to a 
a =3lp ratio of 1 L1A1E., 
slstlr.g of 30? ether ar.d 
Into the h}-drlde lattice 
of the material produced 
and tr.e higher corcentra 
llthl^r borohydrlde req; 
t»-€ contlnooja crystalll 

aeo-int of sagnealjn was   Incorporated 
B7 changing the procedure and  aiding 

feed  solJtlcÄi of cocplei hydrides   having 
S  AlSj:!  L19L«   In a  binary solvent  con- 
"tji  benzene,  aagneslja was   Incorporated 

However,   the  llthlja chloride content 
ty this  techrlaue   Increased  to  J,.3-3.54 

tlor^s  of  llthlja  aljnln-La hydrl-.   and 
Ired  by  this sethod  were ^r.ieslratle   In 
ration process. 

(2)    Ether-Soluble Kagnesl-a Coepo^nds     (ü) 

(C)     These  results   Indicated that  a =ore desi.-acle -tag- 
r.eöl^n compound would be one which was  ether-soluble  jr.d contained 
no chloride or other elf=ent3  which would   Interfere wit*   tr.e  In- 
corporation of sasr.eslua  Into  the AIH3-I-51  lattice. 

(a)    Hesctlon  Product  of Llthlua Alunln^s Kydrlde  and  a 
—J<S- -^ * .-.eacen TTT 

(:)     An  ?ttettpt  was =a: :o prepare  an ether-^olucle 
S^.TT.-.-3 v.j-^rj-ui-j  w> i-=3v.-w_:^  a   jrlgrard  reagent xltr. lltr.!^.- 

al-r^lnus hydride;   It wa^  believed  that  a cocpo^r-d 
e.rl-n compound  by rs 

:.-.  a  genera, 
structure of HKgAliL,  would  be  obtained.     Approximately 2^   of 

l-.hlur: 3lu=ln^= hydride  solution was  added  to the  Grlgnard 
r.t   before   precipitation  occurred,   and   upon  co-pletlon  of  tr.e 

v->3   'ou:.'  that   onl" S-Z"? of tns   tr.corctlc jl  j~"_r.t of 
llthlur: chloride was  recovered.    This  solution,  wr.en acded  to  an 
alunln.:: r.>-drlde  feed solution,   delayed nucleatlcn,   treated  pr.ase 
problems,   and  prod.aced =acerlal  of poor crystal llnlty. 

(b)     Llth.'un Magneslua Al^lnua Hydride     (U) 

(U)    The  reaction between aagneslun chlorloe  and   lithium 
alunlnus hydride was  originally believed to prcreed as  follows: 

2 LIA:.H4    *   XgCl: 
Ether *    Kg(Al!L6)2 

T t~ l 

with the resulting aagr.eslun : 
creased stability ofcäerved   In 
studies showed,   however,  tnat 

iljealnja hydride producing tr.e   In- 
the   "batch" process       laboratory 
the above reaction proceeded to 
254 excess of llthlus al-tlnuc 

hydride was  used,   ar.d while  the soluble chloride concentration 
on rO- ~"2Syi  completion when 

varied.   It  usually renalned  be; ow 3 aole  ratio of 1 Cl:l vg. 

•.7 ti'eat^er.t with sodlua toroh] 

Further experlrents  showed  that  the chloride concentrations  of 
the  above ether solutions could  be decreased  approximately yyf 

ydrlde .    Sodl-sa al.c2lnu= hydride 
Ing chloride coneentratl3^.1   to 
(0.01 M).     It   Is necessary,   nowever, 
th sodlua aljaln^sa hydride,   to keep 
low 0.2 K to prevent  the product 

was  even =ore effective,  reduc 
levels  which can  be  tolerated 
when  treating tr.e  solutions  wl 
the -agnesl^a concentration be 
fron precipitating. 
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(U) The excess co^centra 

also varied, dependLng upon the de 
tlon, arxi was asually greater thar 
This excess llthlua could not te r 
tIon with al-Elnurj chloride, Ir.dlc 
part of a discrete cheralcal c^rpou 
hydride. Resoval of ether rroa th 
crystalline phase In the fora of c 
clustered together. Eler:ental ana 
Ll^UlH^a. The novel I-ray dlff 
"d" distances and relative lr.te:.3l 
Infrared absorption spectrur: of th 
spectra obtained fron nagneslus al 
alnja hydride   Is shown In Pig-ore  1 

Ion of llthlua aiLaaln'-na hydrld-: 
gree of completion of the  reao- 

a aole  ratio  of  1  Ll:l Kg. 
e=ov?d   froa  solution  by reac- 
atlr.g that   It was present a~ 
nd other than  llthlua alunlnun 
e  solution  yielded  a  slnj^Ae 
lear,   irreg-ular plates,   tiJaally 
lysis  supports  the  for»^Ic 
rartlon po»cer data giving the 
ties  are  shown  In Table  I.    The 
e  new phase  cocpsr-ed  with the 
ualnua hydride  and   llthlua alu- 

Tdtle   I 

f 

15 

(ü) 
or 

I-PäV 
Llthlua 

Powder 
Kagr.es 

Dlffrac tlon I<ata 
Lnor.ydride 

d ri d 

2.50 

d 

20 

I/Ii 
7.0 1.3^ 1.-^7 3 

5.9 20 2.^5 50 1.35 3 1.^31 2 
c    ^ 30 2.-1 ■» j" 1.-9 3 1.^20 

-.11 50 2.-: - 1.-6 1.393 2 

3.3c So 2.35 15 1.73 4 1.375 5 

^.70 30 2.31 V 1.69 3 1.350 2 

3.60 50 2.26 6 ]  £"* 3 1.339 C 

3.53 IOC 2.22 13 1.6- 6 1.315 

3.30 30 2.19 13 1.63 3 1.255 5 

3.25 50 2.09 V» 1.60 o 1.2^0 4 

3.0^ 50 2.05 10 1.53 6 1.195 2 

2.73 20 2.01 20 1.56 2 1.115 2 

2.7^ 13 1.99 1.51 15 1.105 2 

2.63 40 1.96 10 1.-67 7 1.091 3 

2.6i 6 1.91 6 

(C)    Kagneslua can  be   Incorporated   Into the crystal  lat- 
tice of A1H3-1451   through  the   u.ve  of  Ll?«g(AliLft)3  solutions.     How- 
ever,   the  use of these solutlor.3  produces  soce difficulties  with 
nucleatlon and crystal growth,  especially when concentrations of 
aagneslua greater than  IjE are   Incorporated   Into the hydride  lat- 
tice.    These probleas can be resolved  by the  use of higher concen- 
trations of llthlua alualnua hydride and  llthlua borohydrlde  In 
the crystallizing solution.    Oslng this technique,  a naTlma 
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concentration of 2.3 wt. i sa5r.esl.25 *--a3  beer.  Incorporated  Into 
ths  hydride  lattice via  the continuous  process.    Higher concentra- 
tions  cf the conplex hy^rlies,   iltr.ljs aljaln.» hydride and   llthlua 
torohjdrlie,   apparently Increase  tne  soljhlllty of the   llthlurs 
na^nesljs aljslnor./drlde,  preventing  Its  precipitation as  LU^AlH^s 
during crystallization,   t-t   they  alss cause =X3re  aggl^oeratIon and 
pro-^ct  adhesion to the kails  of the  vessel  during crystallization. 

(c)     llthljz;  y.agr.eslan  jorohrdrlde     (U) 

(C)    Llthl^z nagneslua borohydrlde,   LIXg(BtL.) 3.  »as pre- 
pared   for the  purpose  of exarlnlng   Its   -se  as  an  alternate =.3te- 
rlal  for li.corcorst^Dn  Df to  the r.ydrlde   la: :ce. 
This   borohj-drlde  conplex  Is  r-ch nore  soluble  than  LlKg(AlTL»)3 
In the ether-benzene  solvent  systet:.     However,   the presence  of 
llthl^n  alj-ln^r;  hydride   In the  crystallizing  solution  appears  to 
cause  an exchange reaction,   as  shown  below. 

Liyg(3H«)3     *    3  L1A1H4    -    llvg(AlH4)3     -     3  LIBEL, 

because platelets  of  LlKg(AlH4)3   are  still   observed  during crys- 
tallization.     Hence,   the   Incorporation of tagnesl^r:  Into  the 

J  *he 
•se  of  the  an^logo-s  boror.ydrlce conpound 
'-j.-drlde   latt're  via  the contlr..ous  process   Is  not   Inprove.^   K 

of the  an^logo-is  boror.ydrlce co^poui'.d. 

Stability  St>iles  of Karnes l^-doced   Äljnlnu= Hvdrlde-ii^l 
r roc JC e c   t v ra- -trv rorato :or.t lr..:r-iS   Process  .Vetrod     (C) 

(C)    The sol.;hle ragneslur: solutions   used  for the continuous 
piOCeSö  car.   Ic   .»StrU   i or   "..-.•c   l j tc:.   pi~jct;aa,   JT.J   ir^   ireajlti-ng 
product  exhibits  the  -s^al   Increase   in  themal stability.    Hou- 
ever,   laboratory-  samples  prepared  vli  tne contlnoo-is process with 
cocparable amounts of sagneslus nave not   generally showi so sig- 
nificant  an  Inprov^n^nt.     The  reason  for tr.ls   Is not   fully under- 
stood  at  present,   although previous  experience  Indicates  that 
vlth continued  effort  this condition can  be corrected.    Th*   labor- 
atory cor :-OJS   process   Is   sl-llcr  to  tha- >ed  In sore earlier 
Tow  «oric  In which the  feed  to the crvstalllzer contained  relatively 
large   --ounts  of  llthlun alunlr.-r. n.rdrlde   and   llthlua boron.vdrlde. 
In this  study.   Initial difficulties were  also encountered,  but 
.iltlrately -agnesljn was   Incorporated   Into  ALHa-l^l and  an   in- 
crease  In stability «s  achieved. 

(C)     It  appears  that rlnor differences   In process  tecnnlques 
cun  be  responsible   for  slgnlflcan*   differences   In product  sta- 
bility where =3gneslu=  Incorporation  Is   Involved.    Efforts to 
nodlfy procedures  and obtain nore stable material frota the   larger 
scale contlnuo-is  process have  resulted   In several  runs  which show 
that  an   Improvement   in stability   Is   being  realized. 

(C)    Elemental analyses of laboratory sanples show a rtagnealua 
concentration up to 2 wt. %,   and X-ray diffraction stows  ti.e 
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characterl-itlc   lattice  -xpanalon.    ITieae  jata   Ir.dlcate that the 
lncori>or3tIon of cagneslja  Lnto the crystal   lattice  Is  alallar 
for both processes.    The difference  In theraal  stability,   however, 
s-^geati that  other parameters  are playing an Isportant role  In 
the stafclllzatlcn of sagnesl^=-doped  AIH3-I-5I.     Tne  following 
variables  have be-^n  Investigated  In  the  labor'» .ory  in atter^ts  to 
Improve  the stafcll'.ty of sagneslja-doped material prepared  via 
the contln-ioos  process: 

(l)     ppsldence  time   In the  hot crystail!zing sol-tlon. 

(11)    Chloride content of  the prodjct. 

(ill)     Additive  hydride   (L1A1H«  and  LL3F.*)   ratios  and/or 
concentrations. 

(Iv)    Cse of Liyg(Ai:-:4), solutions or direct ad-l^tlor. 
of y^ci2. 

{:)     Particle   size. 

Changing these variables  has produced no significant change  In 
dermal stabil! 

reasons were therefore  ln."c?tlgated. 
product   (Table   II);   otr.er 

(C)    Previous data have  Indicated that dry box atmospheres 
containing small  amo-^nts of water  (15'-'-  ppm)   have   Increased the 
stability of magnesium-doped  AIH3-I-51 prepared via   tne  rate-. 
process   (l).     The   Improvement   In stability was   attrlr-ted fairly 
to s-rfact;  hyJrolysia   ar.d/or oxidation.     A wet  etr.er wasr.  treat- 
ment  of a batch sample   and  two contlnuo-s magnesias-doped  samples 
Imparted no further stability  to  the product. 

(C) me'. ether for the reaction solutions was  also  used 
maice nagnesljs-doped  A1H3-1-51 via  the contlnuo-s process,  and,   as 
with  the  wet  ether wash,  no  Improvement   In  product  stability  re- 
sulted.    Surprisingly,  neither ALH^-l^J a-d/or AlH?-!'7!?,   usually 
assoclated with water,   were not observed. 

(C)    The above experiments  again point out   tr.e sensitivity of 
-.Is  system to small variations   In procedure. rhe presence ot 

moisture will not always produce certain alunln-m hydride poly- 
morphs  or give more  stable prodjct unless   It   Is   Introduc 
the proper technique. 

by 

JO Cne oi ♦ v. e  s'gnlfleant differences between the  "bate! 
'.nd    continuous    product   Is  the  particle size and crysta-llnlty 
The continuous  process  usually results  In  larger and core crys- 
talline particles.    Assuming that the stabilization of AlHj-l^l 
Is a  surface phenocenon,  consideration of this  difference would 
suggest that the greater the surface area  of aagnesl urn-doped 
hydride,   the greater the thermal  stability. 
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(C)    In order to teat  this hypothesis,  the stability of aa^- 
nesl'ja-doped  saaples of hydride prepared  by the   "fine powder" 
process »33 evaluated.    The particle size  Is generally  1-5 u cos- 
pared  to ~50 u fc~ batch sat-?rlal.    The   Incorporation  of ragr.eslja 
Into the fine powder naterlal  failed tr> show any  Icproverent over 
standard  fine powder as shown  In Table II.    This   Indlcatta sag- 
r.esl^a stabilization   Is not  a  function of surface area or particle 
size. 

(C) Another significant difference between t.1-» baten an 
tlnuous process Is tne node of preparation, kl jalr.ua hydrld 
the batch process separates first as an auorphous or postltl 
liquid phase, crTStalllzes as an a^ualnjs rydrlde etherate-l 
pr.sse, then desolvates to AlH3-li53 before undergoing a soil 
state transfomatlon to AlEa-l-^l. In the continuous proces 
th" therrsai deeding technique, alualnua hydride has beer- ots 
to nucleate and grow directly fro= solution as AlHa-l^Sl. 1 
possible that a phase conversion sequence occ irs In a t.-.ln 1 
on tr.e surface of the Alfia-l^l crystals, but this has not z 
rtserved slcroscoplcally. 

d con- 
e  In 
7 

c4 

s with 
erved 
t  Is 
ayer 
cen 

(C)    Several attempts  to produce gagnesl,i-doped  AlH3-li51 via 
the continuous  process  by first crystallizing A1H3-1-3J  resuited 
In only two successful runs;  due to the high alunln-z: hydride con- 
centrations,   AIHa-l-ü  was   usually produced.    These  two runs,  now- 
ever, dlJ not show any Inproveaent   In stability as  seer.  In Table 
II.    This would  suggest  that  the solid  state which  Involves the 
transltloif of AlHs-li}}  to AiHa-l-^l  is not the controlling factor 
*n '*.:¥5T,*a—' JTü s^^t'l'r^^*^r 

(C)    This conclusion  Is  also supported by the results obtained 
froc the eagneslua-doped,   fine powder ssaterlal.    Saaples of AlH?- 
1^51 preca:>ed by this process are Known to undergo this solid 
state transforaatIon.    Eowever,  no  inproveaent   In stability was 
observed.    The results show that  the  incorporation of nagr.eslun 
Into tne crystal   lattice will produce a nore stable product  In 
only one of three related processes.    Ho  l=proveaent   Is obtained 
If the sa—pie   Is prepared via  the  "fine powder" or 'lab continuous" 
process,  but  this st^siilzatlon technique  Is  very effective   If 
used  In the  "batch" process.    This dictates,   therefore,   truit ron- 
tlnued efforts be cade to understand the aechanlso tj   wr.lcn cag- 
neslua stabilizes A1H3-Ü51. 

c.    D?A-Treat=ent of Sacples Prepared  via   the Continuous  Process     (S) 

(C)    The dlphenylacetylene   (DPA) wash treatssnt  successfully 
applied  to batch naterlal  did not deposit a sufficient anour.t m 
the  surface of AlEa-l^Sl prepared via the continuous  proces?. 
However,  by using an evaporation technique,  whereby a ki.wwn asount 
of an ether solution of DPA was dried on  the product,  controlled 
arourts of DPA can be deposl.ed on the surface. 
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(C)    Using this  tectoiq-ie,   the statlllty of latoratory saaples 

preparea ty the continuous process was   increased approxlaately two- 
fold as arown In Taile  II.    These samples  reacraed   1% decocposltlon 
In 3-l6 days  at 6o"C.     This stafcillty  Is not as  spectacalar as 
that achieved   lr. t-atch,  r-agr.eslj=:-doped,   Ir. slt-i DPA-trested Aaapies 
which require 5>0-6o d^ys  before reaching ^J decocposltlon at the 
sane temperature  (see Section 3."5.ä.), 

d.     K^cleatlon  Studies     (U) 

fC)    Studies on the  direct crystalILzatlon of aljalnji hydrloe 
have shown  that ore of the -zost  l-portzrt controlling factors  In 
produclr.g grood crystalline A'.1-;?-l-rl  i:y the contlr.oous cryst>lll=3- 
tlon process   15  the   Initial nucleatl^n stage.     Repeated eipeplcents 
have demonstrated   It   is not possible  to s?ed  this crystallization. 
As a result.   It  Is necessary to confors to a very narrow set of 
operating conditions   to obtain  In  sit i n^cleatlor of the Alfl-,- 
1-^51 ■    These conditions  are  defined as   follows: 

(1)     A  te!^>€rature  of 79J-5-*^..  corresponding to 
less than  1% dletnyl einer. 

(ll)    An aiunlnun nydrlde concentration of approxl- 
ira-eiy 3.^C5 X,   tut never greater than O.C10 Ä. 

(ill)    A slow fees rrtc of Z .1-1 .2 --aoles/mln./l.   (The 
feed  rate can  le   Increased during crystal growth. 
V   * ♦      ^v^* irlng tr.c   ^r.it^ai ituc j.e«ii.ton/. 

(iv)    Cocplejc hydride aole ratios  of LlALJUrAlH^.-LiaF^ 
wltnin the range  1:4:1  to 1:1-:1. 

(v) The  use of very  low concentrations of Ilthlua 
aljcslnun hydride anJ  llthlx: horor.vdrlde to 
prevent precipitation during tne nucleatlon 
stage and  tne  resulting detrimental effect 
upon sutsequen' crysial growth. 

(Ü)    £ 
nlnuB r.ydr 
tlon, etr* 
not given 
varlafclllt 
llthlun ch 
additives 
Irrpurltles 
fined, the 
the soiven 
cause varl 

rtenslve studies with variable 
Ide concentration,   lltnl-a. al-r: 
r concentration,   and tlxe and 
a coespleteiy  repro-durIhle  nuc.' 
y  Is  telleved  to  r*  ^ue to 
lorlde,  water and/or react 
! lice nagnesl^m  Ir.nltltlng 
are perhaps rare dlfflcul 

y are also artenafcle to con 
ta,  especially  In  recycle 
at Ions  In n-jc lea tlon and 

s such as feed rates, alu- 
Ini-s hydride concentra- 

terperatort: profiles have 
eatlon  technique.    This 

- impurities sjca as 
Ion proJJCT^  of water, and 
tne njcleatloa stage.    These 
t  to establish., but,  once de- 
trol.    Trace   Is7p«xrltle3  In 
cenzene,  have teen found to 
he resulting crystal phase. 
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g.    Crystal Growth Studies     (U) 

(C)    Peed  rates   Ln the nucleatlon 3\,age auat be extreoely 
alow;  however,  otce »-JcleatlDn Y-^s occurred.   It  Is possible and 
deslratle to satstan.lally  increase the  feed  rate  to  lower the 
boiling point of the crTStaillrlng solution to 76*-77#C.   and re- 
dice  the  residence tlae of  the AiH3-li51 cr3-3tals  In the crystal- 
ll-rer.     It  has  been observed  that slow feed  rates during the growth 
sta^e result   In tr.e production of aare opaque and po lye rys tall Ire 
material  than faster feed rates.     /   slight   luprove-rent   In  the 
tr.ertal stability of the   hydrlae   Is  also noted  because of the 
shorttr residence tlce of the hydrlue particles  In the cryrtalllzer. 

(1) Tne  Effec-   of Lltr.lja Alu=lnja H>-dr!de or. Crystal   Irowth     (7) 

(C)     Precipitation of llthlua alualnaa hydride  during tne 
cr)-3tal growth stage will  also cause the hydride crystals  to betone 
nore opaque and pol>-crystalllne.    Tnus,   It   Is necessary   In obtaining 
sail^ua crystalllnlty  to 'icc-ep the concentration of  llthlu= alurlnun 
hydride as  low as possible   In  the  feed solution without   Introducing 
chlorides  to the  systea. 

(2) ^atemarv Areonl a Aluslnja H/drlde  as  a Kew Desolvatlng 

(C)     One cethod  oT eilalnatlng the precipitation of  lltnlua 
aluair.uc r.ydrlde during crystallization of Alfia-lASl would  be to 
use  2 T^jre ?oijbJe aluninor.j'orlde as a desolvatlng agent.     Trl-n- 
octyl n-propyl   quaternary a-raonlua alurlnua nydrlde   (H^KAIH*)  was 
syr.tneslred fro= the correopor.ding quaternary tronlde salt  and 
llthljc aiualnun hydride  in benzene.    This  solution was  then  used 
to crystallize a  stolchlocetrlc  hydride feed  solution via  the con- 
tinuous process.    There was  a considerable de^ay in the nucleatlon 
of tne alu-slnua hydride,  after which A1H3-1^33,  AlHs-l^l.  and a 
trace araount of Alf-'a-l-ü crystallized.     Although no  llthlun alu- 
ainur hydride or F.+XAIH^ precipitated,  nucleatlon and  phase 
problems were obvious,  and no furtner work was done with this  type 
of cocpouna. 

f.     Eitemal Sucleatlon    (D) 

(C)    The optinua conditions required for ivucleatlon of AlHs- 
1^51  and  for the growth of good crystals are considerably dif- 
ferent.    Tnerefore,   It  has  been proposed  that these two stages 
be separated,  and  that  a continuous external nucleator be  used  to 
suppl>  ALHa-l^:;! nuclei to a continuous crystalllzer unit operated 
at opticua crystallizing conditions.    Prellainary,  ssall scale 
laboratory work with this concept  has shown sooe encouraging 
results. 

(C)    The first systea to   be studied consisted of a  heated 
chaaber where netered  streaaa of 0.05 M AlHj solution  (—-^J?  benzene 
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-lOJS ether) and preheated  benzene were ■aLr-xi.    A -»eterlng pusp, 
which controlled  the  flow  rate of both stres^s,  waa connected  to 
the chaaber by aeans of 1/5" Teflon tubing.     The fixing chamber 
and   exit tube and  the  flow rates of the  feed  streara  wejre ".^rled 
The residence   tire of the *eed  solution In  the hot  zone was cal- 
culated froa 
Blnutes. 

:he  voljie and  feed  rates  to  be between  one  and  ten 

(C)    This systen produced AlEa-l-ri   In all runs,   bat  the yield 
was  lower than  expected.     Soae crystals were 2C->0 u In dlaaeter, 
which suggestcrd  that  this -ethod "rlgr.t  also  be Jeveloped   Into a 
cryatalllzer  to produce racrocrystalline A1H3-Ii51-     The  advantage 
of a very short  residence  tire   In t.-.e not  zone    snould  result   In 
naterlal of  Irtproved  stability.     When faster feed  rates  were used, 
soce AiHs-l*^^ and AlSj-l*^*  were 3l5o produced. 

(C)    Exact control of tnls sriall-scalp system was difficult 
and  two so.'or proclens were encountered.  First,  vaporization of the 
ether In 'he heated  tube caused  cutbllng and  separation of tr.e 
solution,  with the resulting expansion of etr.er vapor decreasing 
the  residence  tlse  In the chatter.    Tne second probleo was produc-. 
adhesion which caused material to  build  -p   m tne narrow tabes, 
eventiially plugging thea. 

(C)    A second  svstea: consisted of feeding the slxed  feed 
streans  Into the alddle of a   vertical glass  tui-^ anl  r-aaovlng 
the  ether at  the   top by neans of a distillation column.     The 
product was  drawn off the  bottor: by a g^avl-y overflow sy^tes which 
funccionea erratically and produced  lar^e  liquid  level cranges   Ln 
th-e vertical glass  tube;  product adr.eslon also plugged tr.e narrow 
overflow tubes.    Despite  these protlr^s, A):.3-1*-S1 was prodtxred 
In the systes. 

(C)    A Bonification of the above procedure was also studied. 
Ail  liquids purped   Into tne syster were tik-n off ty  dl'tlllatlcn 
and proauct was   Interrtlttently re-rov-d tnro-gh a Jtopcocif  In the 
bottoca.    Several rors produced Al-o-lif-l and Xiy3~l~y^ which 
settled out  readily and  resulted   In an  Increase  In retention 
tlr? coopared to  tne Teflon tube syster, 

(C)    The above preliminary  »or»c r^s  i'-.own  that a continuous 
external nucleator can be nevelop-d  t3 aid   lr  the continuous 
crystallization of AlH3-li51.     rc^zver,  aor^   develcpcent wo-lc 
will  be necessary to orodi.'ce a srorltlng rodel  and estairllsh con- 
trolling paraoeters. 

g.     Materials of Construction     (u) 

(ö)     The randoa nature of decoeposltlon observed during 
batch runs  In pyrex glass  as well as adhesion to the surfaces 
suggested that soae other caterlal  of construction night either 
reduce or ellolnate these probleas. 
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(I)    Quartz,  Vycor and Soft  Glaaa     (U) 

(C)    Experlaer.ta  with a quar-.z theraoaeter wll  snowed a 
sltr.iricar*.   Iryroveaer.*.   In  the  aaour.t   of  iecocposl t Ic-.  oT a] ualr.ua 
hjtlrlie over pTrex theracaeter »*ell3.     Although t".to strlatlor.s 
>*ere sacr? pror.c^r.cfi on  the  quartz well,  r.o alualrua coa"l'* 
foracd,  as  It  ild with pTrex.     In orier  to further  Inves-l^ate 
.his   ilfferer.re, a ore-liter quartz  flask with a  quar'z   t.-.erron- 
eter well was  '"atrlcated,  and a  series     ;'  -^r.s  =aie  uslr^   -..-Is 
vessel   .'jr iesol'.-atlor. of alualr.ua hy   • 

(C)    Six hatches  of alualr.-r .-.ylrlie-l-^l were  -^aie   lr. 
the  quartz  flask,  ar.i  the  prevlo'us  o.servatlcr  was   co'flr^aej;   ro 
netalilc alualr.ua  ^oatlr^a; was  ocservei or either  the   :r^err*; =>c ter 
well or slies cf  'ne  flask In ary of  the  r^r.s.     Little  l^yrove- 
ner.t,   however,  was  noted In  tne  aaour.t of product  alnerlrg   t^  "he 
sides  of  the  flask,   ard, as with pyrex,  a cradual   colorlr^ c," 
the raterlal cccurre - as teaperature was ralr-al-ed a*   "6   r. 
These   result;   Indicate   .wo  types  of decosfosltlor   wr.lch occur 
during  the corverslon step.     The   first  Is ca'aly.lc ari  the   ^e^ree 
to  which this  type of decorarosltlon occurs  leperd?   uco-   "he  sur- 
"ace   In  cctact with  the solution. OT^ deci-.posl* 1:- 
g-enerally results  In  a  coa-.lng  of ae-alllc il^alr ^a which   ^fptslts 

-ardon earner on   tne  surface  ci .he  container. o-r 
aaterials   te?*- sei 
latter was  the only ore exhlrltlrg a 

glass,   vycor,  pyrex,  and quar-z  -   "he 
Lhl r 11 In £ a  scaplettr at^er.ce of  ".nl? 

type of deco^pc-Qltlor.     Soft  flass  au-id   .-ycer proiucel a.-nl—--» 
coatings,  while pyrex showed randc-r  ^epcsl'lcr   oi   ilunln.-- c 
cotn  tne  sl^es or • he  flask and   tr.«   ther-acr!e:er vel*       I^e  seccni 
type   Is  a   "hersal  decoep-csltlcn of  trie  aljalr_n  ^y:rl■:e  i*-'-'- 
occurs a.  the  surface 
This  occurred with 

of the   flask  where   the prcduc   adheres 
:cve ra-erl&is a-.1 nc-e  ;ipreare-! 

have  an  advantage  In  tit!     respect. 

tvne 
IL,"^     This  work suggested  -he use cf an e"lrtly   d!ffere- 

of  Ta-erlal ,  such as  polyners  with nlxhly ^t--»ir.e? l-e  sur- 
faces.     PclyperfiJorocthylT.ef.rrpyle-e   TZP;  po->n>-r appeared   -c 
te   the  aost  prcrlsln^ and exhlclt'd excelle-t nor-4 ine^lvenes? 
(see Section A.l.h.). 

(2^     71-a-lua *e'al     iU} 

?ur*her work was  carried ou*   toward  'he end of  l^cc 
on de 
n tar. 
caust 
posit 
In or 
fabrl 
Alfl.- 
ca-^es 
sulta 
vesse 
3 true 

teral-.lng ^he use   of ae-als  as  aaterlal?  of ccrs-r^c* Ion 
lu-a  Is  a  relatively  Inert  eleaen*,  being  resls-a'-*   'o  roth 
1c and concentrated hydrochloric.     Its effect  upcr   the   deco^- 
lon ar.o/or adheren'^e of alualruu hydride was  re   k-rw-,  ar^ 

■der  to   deteralne   this a  two-liter crystalllzlr.»  vessel  was 
cated.     IVo runs   using the  drlp-ln proceiure  resulted  1" 
l-51i  tut  decosposltlon and adhesion were ocservel In  ro*h 

These results   Indicate   that   tltar.lua aetal  Is  not  a 
hie  aaterlal of construction  for a crystalllzer.     A  tantalum 
i  has  been ordered,  ard  Its  properties as  a ■^a'.erlal of con- 
tlon should ce  determined. 
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Product Adhesion     (0) 

(C)     Product adhesion on  the walls of the contlnuoii?  crystal- 
llzer presents a very critical  protles,  since  It results   ix»  a 
significant  less  of product  and very  lo*r yields.     lii addition. 
If  the  crcduct  Is r^lntalned near or zr   the heated surface of tne 
vessel wall.   It will  i:? or.lj a ratter of  line  before decrcpcsl- 
tlon of this  proluct  ocrura,   requiring a shut-dovn and clean-up 
of the rrysta] llratlcr unit.    Solution of tr.ls  problea would 
result    n Increased yields,   longer run tlsea,  amd reduced clean-up 
efforts. 

(1)     The Effect  of Additive  Hydrides     (u) 

(C)     Experience  Indicates   that  the precipitation of 
llthlua aluslr.un hydride before,  during,   cr af'er nucleatlcn of 
AIHa-l-^^l accentuates   the adhesion problea.     Rapid nucleatlon 
of AlKa-l-1:^ due  to ALKa  concentrations greater than 0.005 M alsc 
results In "icesslve produ-t  adhesion.     Varying  the  ccncentratlona 
and ratios of the cocplex hydrides,   llthlus aiualntsa hydride and 
llthlua torohydrld£,   has not  solved this problea,   although higher 

thiua bcrohydrlde  corc^n" .or.s   a" In solublllzlng the   llthlua 
•oxpy^i,  LlJfe(Ai:-U)3.     The alualnua hydride  and  the aagnesl'- 

precipitation of llthlua alualnua hj-drlde  is particularly prevalent 
In  the   reaperature  range of 7i'-cO'C.     If  too high ^  concentration 
of  llthlua torchydrlde  Is used.   It  Mill also preclplta-.c under 
these  ccndltlcr.s. 

f; Ul-rascr.lc  A^: ion f'j' 

(U)     An  Imerslon type ultrasonic  trar.£du;er was used 
for agitation  of the  benzene solution during  tnree  :onrinuoas 
crystalllratlcn runs.     Although tne g^rerarlon  of a  larger nuate: 
of nuclei  by  this   technique was  experte-, ro significant effects 
were   observed.     However,  no product  adh^slor.  to  the gla33  crys- 
talllratlon flask o: :"urred during  these runs,  while a '.ontrol 
run with the saae feed and noraal stirring did result  In product 
adhesion.     Therefore,   the use  of ultraaorl.-s  for solving  t-ne 
adhesion prchli« iocics  precising. 

(5)     The  Use  of  P^lvr-?rflucroe^hvlen^crorylene  CopolyBer 
 rEII°B ^?!   a^'a V^'-^al  Si 60-3rructlor:    {lT  

(C) Previous work with flas/s aade froa various aate- 
rlals showed a ulde variation In the aacur.t of catalytic decca- 
posltlon of alualnua hydride. Of these, quartz resulted In the 
least aaount of catalytic decccpcsltlon, bur a serloua adhesion 
problea still reaalned  (see Section A.l.g.).     Efforts  to find 
aaterlals which are both non-catalytl 
therefore continued. 

and nor-adhesive were 
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(C;     A f? 1 al.   polypropylene Srlerzserjer ria.sk «33  fitted 
xlth  an  adapter ar.i usei as  a crystallization  vessel.     iT-.e product 
of  two r'-j^.s WTS  Al.-o-i-J3,  fc-t   It  aac  otserved that   adheslor  or 
prcdurt   to   the sides  of  the  flask was  redded  ar-d  the  =^terlal 
regained white.    S:~-e  softening of  the  polypropylene  In the 
heating tath  (iOG:C.)   was  ot-served. 

I C)     Folj-perf luoroethyleneprcpylene copcly=er   f Teflon 
ha2  3cre  desirable  properties   than polypropylene.     Ir   Is 

:   :o or^anlt advents,   ncn-poro-^3,   has  excellent  air.eslor 
resistance,   aitd car ;hstar.d terperatures op to 205 5C.     In order 
to study  Its effect  upon AIH3-I-51,   a  ^2-our.re Teflor   ^P bottle 
was   fltTd with a glass   adapter and a   ther^oroupl-  well.     Sc 
stirring  other thar   that resulting  rro3  the tolling  of  the   solvent 
1*23 provided. 

(C?     The results   frca elg...  rxms using  the   FEP   -essel 
and  the  batch sethod Indicated that   It   la superior  to any o'her 
material  of   ro-str-^ct Ion pr.vlDusly •used.    A ssall  aao^-*   cf 
sticking   of product   occurred soon after  pre-Iplt a: lor,   ir .t  nest 
cf the  stirring disappeared  as  crystallization pror^ed^a.     Ce:cr=- 
posltl:n «as  ccnr'.derac ly reduced  and  the prod'-rt,  AlH.-l-5i» 

:33ine3 unite  after  three  hours  of  refl^xlng.     The  pyrex  tnerao- 
:t  a heated s 

>os: 
ce,   always  exhlclted  racre 

en than  the walls  of the   -cntalrer 

•»' • f»- 

aihered product  and dec: 
T^ie s^all   ascjT'.t of naterlal which adhered to the sld^s  of 
flask was  caslly  loosened at   the   conclusion cf th-   ;ur   tv   5v: 
tr.e scivent,   suggesting  that   tetter  agltatlcr, prccati".   »o-ld have 
prevented   It   Troc sticking Initially.     Suc.esslv-   r-ns   -oold  also 
ce —ade  In  the  sane  bottle with  only  a  ce^zene  rlns*2   r-oul'^^d 
fcr clear.-up.     This  Is   In marked  contrast   to pj-rex whl-.h nas 
always  required an acH-base  treatment  between r'ons. 

fU^     The  Teflor  FEP bottle  employed for t're  ba*-n 
w^s not  useTal   for the   continuous  process  and  l*  was   th 
necessary  -o ensign an FEP-llneri vessel which :o.ild b*1   f f. 

pr o'^ 5 5 

;d witn 
proper ^EP- .utlets  at   the  top.     TT-^  bottoa of a pi-re   cf 

lined pipe  six  In-.hes   In claoetc-r a.nd  eight  lr:he3   lor^  »as  sealed 
by seans  of an FEP sheer   fCS^O inch  thick)   held flr=ly against 

plat« pipe  llr.er by =ear2  C. i/*' alts: ir.\ aw 1 a spl 1' 
flange.     A glass  top wltn  three   finale  35/25 rail   „'ol-*;   a-d  a 
therr:oceter *ell was  fitted with a gasket  and a  se-orj  split 
flange  to provide a vapor-tight  seal.  Agitation wa»  prrvl1=2  by 
a Teflon  (T?E)   paddle   fapproximately TOO rpc)   an.d tr.e   solj'lon 
was  heated cy a 70C watt  electric   tape wrapped around  the  o-tslde 
of   the  pipe.     The vessel,   shown  In Figure 2,  holds  approxlrately 
t.'iree   liters  and is ^ocparable  In operation to the pyr^x v-ss^ls 
previously  used  for this   purpose. 

(C, T^ve objective In fabricating the "essel was to 
evaluate this material of ccnstructlon for cccpatlblllty and 
:rc.iuc:   adheslcn resistance  properties  during continuous   crystal- 
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Izitlcr..     TV.e   Initial «crk *zs  dor.?   In a   rlear Teficn  r£?   :Dt*l« 

- /* . • ^ "• 

■-.1—---*-» .   -   -     » W. ._. w  -» 1 ..- -W. — ".. ^M  

or 

C'     A  r.'JT-ter oC rurj;  ~2ie  kltr.  tr.ls   VcSirl   "r.r!.~"i 
c^3   results   cr*.ilr.-?-  ry  :r.e  tatch  pr^re^s.     TV.'Jrr   ^zs 

^oau:*   zir.-isL^r. telo«   ".■".-:>   liquid   .^vel  ilt.'.c^r: 
.«i ^_..„ ■»»is  r.otr3 2CCV-.   ir.o 

s ^ l^t 1 -r.  •? V3perst Irj*  CTZ^I ' he  .'".c t  s u 
. -      ^ _, ,. •   ^ ..     _^ _-,... 4     v..     -     ,>.«,... w..       J«-l 

.- ■ • t5 r* -* ^ *- -a »-      • -     ^      ^ ^ o * - 

■-%•      -^^»»^-5^     •-     •■,-      i-j- — »••.a' 

^ -I ^       - *   - , 

s'ln**?!*  rlid.-?  >*2S   slir 
rri-::.     .-.l^r. ratios   of  'li-ltlve hvdrlies,   : r- 
Al~i-'l-**'s     2T"i   'ri*3  2^ — Itlori  zC  tr^ T^I^T".r?s 1 ur^ solu^lo*"   ^li  r 

Of 

v O ■ n    —-w.   —*, ^      *.-        .._     ..-.4£...    ^-       . .     -   _ ^ - ^.      ^     .   .. 

jp  i-?T<»?■£:r. runs  was  also  Ir.dlrated.     TVo r'-r.s  h--r-f "-a^-r   »»l*r.r 
*_--■»  usua"   rl*ian~uc  troat^'nt  ^»Itr. acid     ra.S'-   arid  **'*".• r  2'***"'* 
nr^c-'dlrur rur-     In toth casrs     tne crc<i'-ct  »as  or c^i^i   ^u**!!*' 
ar.d r.o  dirrirultles  d-6  TO  ifco~po-sltlor.  or  adr.c-slor. «-rr-r   ot- 

C •  •  5       '-.- ->_       -  «   _v,. '   7i:.-    ill 

a r.lr.e-ga 11 or.,   Fir .Z.a .. J 

! ;r  . »r^Jv.r d6v-?lopc*'~tal  st^jlrs  or i,^        ~        ,-.    »^ ~        ; 

[see  Seotlon III.5.;. 

■:")  The Use of Folvtetrafl-oroerhvle-.f 'TrE' as a Crvi 
' 1 ; i-x  '.v sse i TT 

fU!     TV.r exrellent   properties  shovr.  ty  :h~ lYs---. 
FEF-llr.fd  laboratory rrystalllzer ^ere  not   r^i.'.Zri  lr.  'hi 
ca 11 o""1  cor.t Inuous  v^ss^l«     Adn*s 1 on rer^aIn-2d  a Drcr 1 ^*"   '**   * 
latter  rase,   although the pr^durt  ai^ered rri:h ncre   locr-lj 
hlth either glass  or Hereslte.     In addition,   a s^rlo-£  ?-.-»• 

was 
er probier: was  enrountcred,   prlr.rlpally t-?; 
t   tonded  to the netal   rontalner. 

(U) Previous experlenre with pclytetrafluoro*- 

' TFE) In the forr: of coated stirring tars, stlrr-:rs. -■; 
Indicated that a reduclon In adhesion would not re = -.l" 
use of this material. However, these were aarhlnei sur 
Btnd adhesion could have teen due to a relatlvelv rough 
The ndr.or dirferences In cnezdoal oor^josltlon tetwfer. Tefl. 
ar.d  TeTl on "FF   IT. lie "ted a 3or~ 

'S       " "    » 

• ^»«^^.5--^ »■^       ■»■ 
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sro-U  te r.sie,   parrlclarly s:rce   It car te r«adlly bonded  to 
-etal  ar.i,   tr.erefare,   proviacs goDd  r^eat  trar.sfer. 

(?)     Tfflor.  TFI-li.-.ei  icltcrer.   Utensil  par.s  were  jsed   for 
t.^lc  w^r«c  rr-plo/lr-g  •..»-.e   35-e  glass   top   as  previously described. 
Tr.f   fir;*,  pi.-.,   «r.lcr.  r^i   a   -.a   -rol-ir^i  coatlr.g,   ^33  .-.eated  ty ^eans 
rf  -   '3*.   pli'.e   ar.d   a   s-all  r.r3:lr.g  'ape irrappei   aro-ir.i  tr.e sues. 
"'?  t--r^ra*.-re   t-e'*-i?u the  hot  plate  ?nd  the pan «as calr.talr.ed 

y -rar.s   of  a   trr-.p-;ra-.-re  car.troller,   «hile a  varlac 
-"•rttlr^  :r   It   was   -3ei   to  r.ea:   the  tape.     A  single  batch ran pro- 

.ced  excessive  sticking of AlHs-l",,.,   particularly on the  bottoa 
'  tr.e   p^r.  w-ene   the   .-.eat   was   applied;   /.o  ad.-.eslon  was  noted  on 

^ ^ * ^ 

(I)     r.-e  sec;r.i  par. *nlcr. had   a  irlack,   and supposedly 
-T-   i-r.tlo  coating,  «33  heate-  tv near.s of t.-ve   tape only,  witn 
-  variac   netting rf rl-i;:.     A  ^rlp'-in  r-n produced  only AIH3- 
l-rl  wlrr.  r.o   adhesion   to  the  vessel  surface.     After cleaning »rith 
.■ . .J: 1c   ar.i   ;cl-, a  seccr.j  r-r.  ^33 -rade  with  a   varlac  setting of 

ar.c   '..-.   :r.ls case  ccr.31--racle   adhesion occ-rred  on tne sides 
3f tr.e  par.  «r.ere   it  was   r.eated,   t-t nor.e  en  t.-.e   bottoa. 

1:1 

(V)     The   results 
occ-rree  only on 

:r-d,   as   in   tr.e  se 

t or «; 

:"r^-  these  tnree   runs   Indicated  t.hat 
tr.i   r.cated ZTZ surfaces,   and,  when this 
one  r-n   (-.-ariac  setting 53-55) r.o adhe- 

.1  Tr-trerature  on Alur-inu= Hvdrlde-Ü^l 
•s lor TT 

(l)     Product   adhesion to pyrei glass   nas  always  teen a 
--.rlojs  protlen.    lo  deter—ine  t.-.e  effect of  temperature an this 
---erl3l,   a   regular drip-in r-n «as nade,   tut   the netnod of 
r.-atlng tr.e  etr.er-tenzene  solvent  was changed.     The siliconc  oil 

■e  was   reduced  fro- tr.e   usual   i::3C.   to 85*3.    The 
,e  r.eat was supplied  ty a  -.l-watt  ^lo-^artz pencil- 

:  ; :   '_—err Ion  heater placed   in  tr.e   tnemo-eter  well  which ex- 
-.-r.de-c   tvo   to  two  and  a  r.alf inches  telow t.-.e  surface of the sol- 
ver."..    Tr.e   result  was   all  A1H%-1-51 «itn no sticking on tr.e sides 
of tr.e pyrex  flask.     The  tnerrto-eter well  wnlcr. neated the solu- 
tion  old   tec one  coated,   although, the amount  of adnered material 
«•as  comparatively snail. 

(C )     Tonslderatly none  adnesion w^uld norr-ally  be  ex- 
pected  on   tr.e   sides  of  tr.e   flask with  a  bath  temperature of  lCO*C. 
It  -ust   te  rorcluded,   therefore,   tr.at   the wall   temperature  of the 
orystallizer veooel   Is  an  l-.portant factor in adhesion,   and  that 
1".    Should    te    kept    '*    111*    ^~   r.-vs^'h1.*! t'"^ •"«»-«■» o<;    "n   *( 

* *• C       »*Ä c    -  ' " 

is   low 33 pos3itle.     differences   in design and 
ng  internal wall  temperature may explain wny adnesion 

remains   a  protlem   In   the  r.'-e- 
not   in the  smaller  laboratory models. 

i.i.r-gallon ?HF-lir.ed crystallizer and 
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1.     Flare  Fhotjnetry Studies   zT A:.ir:ir.-= ^irLze Solutions     (ü) 

(ü)     The detei-Blratlon of alxall netals   In a r.cn-aqueous  sol- 
vent  is a known analytical  technique-     It  tr.eref:re  appeare-d 
feasltle  to deterrrlr.e  llthlus ar-d sodlun  !_r. •;t.-.^r-cenzene solu- 
tiorj of aluslnua hytr'-ie,   ar.d  to use  tr.ls   irj"2r--3tlcn  for rcre 
precise control of the  crystalllz2-.l:n prccess. 

(1)     Deterslnatior. of Exact Stolcnlc=etr:.-  f:r  Preparation 
 °L Alunir.u= ^-^-iie     re '  

(C)     With  the  continuous  crjStalllzatior.   technique   It 
Is extreaely Leportant  to icno*  the exact stoichicaetrlc equivalence 
point  of zhe alu=inu= chloriie-llthlur al--&inu=: rcrlrlde reaction. 
If excess alualn--=5 chloride Is present,   the  run will not nucleate; 
If a  large excess  of  llthlus al'-clnua hj-drlie   is present,   tr.e 
product  adheres   to  the wall  of  the   crystal 11 zer. 

fC)     This proirlen was  solved by  the  application of flarse 
photone try  to  tne  analysis   of aluslnua hydride scluticns.     ■hen 
llthlua alualnua hydride  is   added to alurlnur: chloride,   only th€ 
solubility of llthlu= chloride  Is  responsicle fcr llthlua concen- 
tration up  to the stoichlo=etrlc equivalence  point.     Beyond  tr.ls, 
an excess of llthlua alunlnua hydrlie  appears,  and  llthlua con- 
centration  Increases rapidlj*.     The  change   In  lithius concentration 
can be followed by measuring the emission of the c'TOc  i  llthl'-s: 
line.     It re^salns  practically constant  until   the stolchloaetrlc 
ecjulvalence point,   after which  it  a^r-ptly rises. 

(ü)     A linear relationship  cf e-lsslcr. versus   concentra- 
tion Is obtained for llthlua alualnur hydride solutions  up t: 
about 0.2 allllrolar,  a  concentration whi;n requires  approximately 
a thousandfold dilution of the alur.lnu= hydride feed sanple.  This 
is readily accoepllshed by alxlng 0-050 =1.   of  alualnua hydride 
solution with 50 rl.  of tetrahydroruran  In a   -0 nl.  ser^a bottle, 
producing the proper concentration range   to  provide  a spectro- 
photooetrlc response for llthlua In the   linear portion of the 
ealsslon curve,   to prevent precipitation  of alualnua hydride,   and 
to ellalnate plugging of the flaae Jet  In tr.f   instruaent. 

(U)     figure  J shows   the  flaae ealsslon cf  llthlua at 
c706 I  for standard reaction alxtures  ranging  fror. 25  ro  117 per- 
cent  of stolchloaetry.     The  Intersection of ?  straight  line re- 
sulting  fron a saall  aao-jnt  of soluble   llthlua chloride  In  the 
presence of alualnua chloride and  another straight   line due  to 
the presence of excess  llthlua alualnua hydride establishes  the 
equivalence point with an estlaated accuracy of s0.5^-     It  can 
be seen,  therefore,  that ^n alualnua hydride sclit ion which pro- 
vides  an ealsslon reading of  less  than 5  Is  on  the alualnua 
chloride side,  and,  as a result, will not  nuc.'.eate properly. 
Readings higher than 5 can be used to calculate  tr.e  aaount cf ex- 
cess  llthlua alualnua hydride.     This  analysis  has resulted Ln auch 
closer control of the crystalllzer feed solution conposltlon. 
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fü)     Convenient and rapid saapling  technlcyiies and stan- 
dardized proced'cires  for sazyle prepar-atlcn and analysis of alu- 
eln'^= hydride solutions have teen wcriced  out.     Figure * 3ho«rs  the 
thr'ee-way sasple  valve being used with the fla=e photooeter.     A 
standard 11th' alualnua hydride solution  Is used  to calibrate 
the   Instruaent both before and after  the sarrple   Is  run.     A third 
setting allows  the  fla=e Jet and sample  line  to be flusned irlth 
tne solvent,   tetrahydrofuran- 

(C)     Tbe rsolarlty of the excess   llthlua alislnua hydride 
can te established by reference  to another graph  (Figure 5)   ob- 
tained froa the  saae data as Fig-ore  3-     In  this  ca»je  the sp>ectro- 
photoneter reading resulting froa an alj=lnua hydride solution 
containing a slight excess of L1A1H*   is  plotted against the colar- 
Ity of the excess  LIAIE».     It has  been observed that  the slope of 
this  line Is greater than that of LIAIH*  by lts«*lf In tetrahydro- 
furan.     Ttie reason for this  Is believed   to be a slight enhanceaent 
of llthl-ja chloride solubility resulting froa excess  llthlua alu- 
alnua hydride. 

(2)     The Plaae Emission Spectrua of an Alualnuas Hydride 
So-LUtlon     [j] 

(C)     In addition to deteralning llthlua by flaae photoa- 
etry.   It nay also be possible  to deteralne other elements such as 
aagnesiua,  sodlua and boron,    xn order to deteralne  If any of 
these eleaents  could be detected In an alualnua hydride solution 
containing  ä ällghi. cjLcträs  of iithita aiusinun hydride,  a fiaae 
spectrja »ras obtained betxeen 5CO0 1  and 9090 i  as shoim In 
Figure 6.     Altho'jgh no ooron was present.   It would be expected 
to have apprcxlaateJy the saae sensitivity as  alualma. 

(U)     Tbe eleaen-.s which can be  Identified are sodlua 
(5900 i)   and llthlua (6706 i);   the resalnlng ealsslon Is due to 
carbon in the tetrahydrofuran.    It should be noted that there Is 
no Interference froa the solvent  for llthlua,  while  the sodlua 
ealsslon appears on a srall shoulder.     Sodlua Is present as an 
lapurity even In the distilled tetrahydrof-ran and therefore It 
say be difficult to deteralne very saall  aeounts  assoclatea 
with the reaction.     If larger concentrations appear as the result 
of a slightly soluble sodi-^s salt,   they should be reasonably easy 
to deteralne. 

(U)     Any ealsslon due   to alualnua Is coapletely aasked 
by the solvent,   and  the  saae result  Is  expected  for boron and 
aagnesiua.     If flase analysis  Is  to be used to deteralne these 
eleaents  In the crv-talllzer solution.   It «111 be necessary to 
hydrolyze  the saaples and obtain the ealsslon of an aqueous 
solution. 
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Accurate DeterrLr.atlor  of Snail  Aaour.ts  of  iater  Ir.  Jm-^nlc 
rn "— Solvents 

the  water cor.ter. 
Ir. 3l-=l_r.ja hydride crystalllzat lor.   It   13   Ijzportar.'; ;hat 

or :r.e 
o  5crptlor.  Hygroceter h33   teen   ^aeä   for the  past 

tiro   years  to determine  3-all  aao^r.ts  of »rater   IT:  b-enrer.e  ar.d  ether. 
■«■"r.lle   ^sef^l   for tr.ls  purpose,   the   Ir.str^rer.t   has  the  Jlsaivantage 

* - -t ;lrLr.g  ^ulte   long periods  of 

between sacples. 

_    ,Mm , . 
.'ach stable operating 

.3 necessary to wal' ■.-20 nln^tes 

(")     A  sore  rapid   and  accurate method  of  detemlnlng water  Is 
gas-ll^^ld  chro.!natography  -3lr.g the newly-developed  poro-3  p■^lyr^er 
col-rr-.s   (2).     This  techni^-e   Is  now  being  -sed   to  deterrslne  water 
In organic  solvents.     Figure 7 shows a  t/plcal  pea* for water In 

bydr Ide v^•-»-• f»»-/» ^►^''"^  ^33   ^eÄn  d***ed   w • ►-   i ••■>-«     -—.       q --^ « r ■« * r» stan- 
dard  curves  have  been  prepared,   and   It   Is  row  possible  to  deteralne 
water   In  benzene  and   ether  below  13 ppc. 

2.     Development of 3  Contlr.-o^s  Crj-stall Izer     (U) 

(C) The objective of the continuous cr>-3tälllratlon worlc Is 
the Inproversent of the properties of AlHa-l-S-, particularly the 
thermal  stability.     The  goal   Is   to develop  a  continuous crystal- 

:er where  orecls'. controJ 
.-s t: .Iza' or   a.u=ln^= -.<.■_      K !-~« A 

the ^any paraneters affecting the 
e can be attained. v,cr.t 'nuoua 

crvstallirati: ilro-l-rl  «as  demonstrated   Ln  l^Sz   (l)  «11 :on- 
i'lderable progress -ade   In  the developcent  of such a crystalllzer. 
Specific  objectives  this  year  Include: 

(l)     Incorporation of magneslun   Into  the  crystal 
Ice  and/or surface  treatment  of 

:alllne  produc" Jrove  therr^l   stabl 
he c rya■ 

(11) Optimization of the  crystallization  param- 
eters 
properties. 

:prove the pnys'^al and chemical 

(ill)    Improvement  of the continuous crystalliza- 
tion process. 

(Iv) Supply of the rbe3t" AlHa-l-^l tnat can be 
produced by current technology for cnarac- 
terlzatlon and  evaluation. 

(C)    Considerable progress  has  been made   in understanding and 
controlling the conditions required  for reproduclbly obtaining ac- 
ceptable AlEa-l^Sl nuclei.    Significant advancements  have also 
been made  In the  areas  of solution stability,   prodjcr  adhesion and 
reaction stolchlometry.    Finally,   a  tectnlque  has  teen developed 
to routinely Incorporate magnesium  Into tne crystal  lattice of 
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BCMZOK (XSU) 

(U)    ?lg.   7   - Gas Chrocatograa of Lltr.l-a 
Al^rlr.^a H>xirlde-Cried  3enzer:e   ^rfater Analysis) 

A:H3-1'51 xade In the cor.t Inuo-s crystalllzer T-.ese a"var.re^-: 
together with a dlsc-sslon af results and parameter effects, a: 
creser.ted  fcelox. 

3, 

Pracess  Description     (U) 

(U)     A  r^dlfled  dra; Le   (DTB)  crystal 1 Izer  »«as   used ■,~^'*-t,Vve  ta"'' 
to  ieror.strate  t.-.e   feasibility of contl-uo^s  crys-.a 1 llzat l:r.  of 
AlHj-l-^i   lr.  1965   (i).     Details  of  tr.e  operating principles  of tre 

i-«   » :o »• *> 1775 were  also  presented.     Results  obtained   In  tnls   -nl" 
design  and   Installation  of a  Hereslte-coatec,   tut-lar  crys'alllzer 
In  early  I366 and  finally  to  a  polyperflaorlnated  e-r.ylene-prop/ler.e 
copolj-aer (Teflon PEP)   lined  unit of similar design,     retails  of 
tr.e  operating procedures   and  conditions  are  o_tllned   celo*. 

Ü1 'eac ion (C) 

(U) An ether solution of aljainua hydride Is octalr.ed cy 
reacting ether solutions of Aids and LIAIHL» In 1 taten reactor a*. 
antler.t. temperature. The ether nas been previously distiller i r .1 
LlAlri» and dried with isolecular sieves. A sllgr.t excess of llAln, 
Is used to assure complete reaction of the Alda anJ sodlur toro- 
hydrlde Is added to generate LiafL» j£^ situ. Per^oval of the re- 
sulting  Insoluble chlorides  by filtration and   lllutlon with tonzer.e 
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t^t^lar 

lr,  the crTStalllzer feed  tank  results   Ln 3  0.25-0.30 M ^:-=lr.-= 
hydride   feed  solution.     Prer^arure  prec Ipltat lor.   In  the feed   tank 
Is  net   3  problem  at   3=hlent   temperature.     Kagneslu^   Is Introduced 
tj add In« an ether solution of LI X^ {A liL») 3  to  the  feed tank. 

(2)    Crystallization     (U) 

(C) Schematic flow dlagrars of the Heres Ite-coated 
and the "eflon ?£?-llned crj-s tall lesrs are presentej In Figures 
and 9- benzene, distilled fro^ LIAIK4 and zrled *ltr. -molecular 
sieves. Is charged to the cryat? Hirer and heated to rC'C. An 
ether solution contalnlr-g AIH3, LIAUU and LIBti» Is then sloülr 
fed to the tolling tenzene to cause r.ucleatlon ty the "tner^al 
seedlr.g" tec^jvl^ue. After r.ucleatlon, a clear stolc.-.loct 
solution Is prepared ty the stove procedure and a-ded to 
talllzer. Analyses of a typical feed solution are presented In 
Tatle IV. The clrcula'lr.g ragma temperature Is then allowed to 
decrease  to  the desired  operating  temperatu.^e  and  controlled  ty  the 

fee : 
■V.O   ~~. 

A • stll^ate  removal. 

Tatle  r.r 

(U)     Typical  Aluminum H:.-drlde  ?eed  Solution  Analysis 

Co~courKJ 
■- 

LiAiH* 

113?^ 

L1C1 

SaHLi 

.on: or' •■ **o tlon,   X 

0. o-dc-a 

C.00C5 
o.c^oo; 

(C)    A product  stream Is continuously removed  near the 
tottoa of the elutrlatlon   leg  and  passed  through  ^ centrifugal 
separator where the  A1H3-I^5i crystals  settle  Into   a cold  tenc^ne 
reservoir.    The superr-atant  liquor can te  filtered  to remove  low 
density and/or high surface area  particles  and  recycled  ty -ears 
of a Teflon diaphragm pump  or removed  fron  *r.e system.     If re- 
cycled,   the  stream  is  comoined  with the  feed  stream.     The elutrla- 
tlon stream  is removed near the  surface  and  recycled  to give 
internal classification of the crystalline product.     A change   in 
the  operation  of the  polyperfluorlnated  ethylcr.e-propylene copolymer 
(Teflon  ?H?)   lined crystalllzer vas  necessary  to  facilitate   its 
cperatlon.     The  reflui  from  the   iisti.lation  column   is   used   as  the 
elutristion  strean  instead  of removing mother  liquor  fro=  the   top 
of the crystalllzer as   in  the Heres ite   unit.     Several   recent  r-ur.s 
have  teen oade without   elutrlatlon. 

(?)     Evaluation     (U) 

(U)     Product  samples  are 
washed  ty decantation,   ana vacaja 

removed  periodically,   ether- 
.r.e reco; ^d  AIH3-I-5I 

CO^FIDIMTIÄL 
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PROO. SCPARATO* 

AlNj-MSl 

(ü)     Fig.  9 - Teflon FEP-Llr.ed Crystalllzer 
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Is  evaluated  ty a  sex'lea of physical and cheolcal  teats.    Tr.ese 
tests   Include alrroscoplc  fxaslnatlon of tr.e particle ccr.flgura- 
tlcr. and crystall Inlty,  I-ray diffraction analysis to estatllsr. 
.-^rlde pr.ase,   tulic density,   screen,  and  elemental  analysis.   Tnerra 
-tarlllty  Is determined  by the codified Tallani  apparatus  at 6c"r 

t.       =?5^1t3       (U) 

) One hundred f3rty-fl\'e runs, susrsarized in Tatle V, were 
r.is year. Seventy-four cf these produced AlH^-l-^l >»ith r.c 
ilnation from other phases  while others  resulted   in a slxt-re 

* } • 

51,   and  AlHj-l-ü,   ALH3   1-33,   etc..   2 
It  snould  be r<m«3fcered  that  th! 

-< crystall! 

•ailed :o  r.jc^ate 
s  prcgraa was  designed 

:atlon process;   therefore,   ICOf  AlHi-lA51 
^22   no- expected  under all conditions.     Most of the runs  in the 

r o 
category can  be explained 

.eation or  indirectly  in  t 
*? s e n c < impurities v: 

c ore rn*. ration  1: 
ch : 

permlssit! 

either directly   in the case of 
e case of AI.H3-I-Ü  '•y tr.e 

nhiblt nucleation  until  the  upper 
e  for  the formation of AlHj-l-pl   !i 

•? xc e—-1 A dlsc-asion of  impurities  and  their effects   is  pre- 
ir-.-.eo   in a   later section,  A.2.c.(5). 

ratle V 

f:) ;--rtarv or   A *      • -   .—• ^   -«    U..J„. ^a     3   .^ ide  Runs   in the Continuous  Crystal; 

Al^in^: Eydride  Phase  Produced 

l-M Al + 1-51 1--- 1-33 l^cj 

51 1 
; ■ it x x 

£ 5-5 x x x 

t - . J X X 

5 3.^ x x 

2.J. x 

3.J x 

<i x 

1 <1 

9-5 
Excessive Decocpositlo: 

Failed  to Kucleate 

ICC.. 

(r)    All  runs Mere continuous and varied   in  length  froa 5-17 
-.ours,   the  shorter runs being those which failed  to nucleate 
properly,  wnere excessive decomposition occurred,  or wnere  the 
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Is i'scj.ssei Lr. ^e'all l3ter. PrD^jct recovery cor.tlr.-es to be low 
as proi^c*. air.eslor. to the veisel wall re^aL-.s a serious problem. 
A series cf t^er.ty-Tlve r^r.s lr. the Herealte-coated ^t-lar crys- 
talllrer res-lted lr. r^-^overles averagl.tg r^*?. However, these r-^r.s 
*'er»e le.1;; f.ar. fo^r r.o-rs lor.g as the rate of proi^ct adheslor. :r. 
Hereslte li 3 f-rctlor. cf tr.e r^r. t L=e. Soce Irprover.er.t Lr. this 
area   has   ieer.  acr.levei  with  the  Teflor. ?Z?-llr.e-  cri'Stalllzer. 

C" tr.e  -Ifflc-11les  wltr. tr.e Her^sIte-coated  ar:^ 
leflor.  FEr-llr.e-^   ^rlts,   tr.v  t_;^-lar crystalllzer vaa  recently coated 

coatlr.g  12  zore  flexlc.e  an-   r.opef_lly -ore  i^rairle.  Stver.  r rts  .tav 
lr.  tr.e  jr.lt  with flvr  proi-cL-^  i:;4  A1H3-I~rl.     Tvo of 
rave  beer,  crerated  for  1" ro-rs,   others  of 12,   5,   ard 6 

.--.s  pro--^_..«,   ->„,   ^--,   -^^,   -,,   a,.-  , ^  ft .,   reSf-ec ... .e. ^ .     .T.e 
rf tr.e   tvo r^r.s rot  pro--cLr5 material  was  or.  the chloride slie  cf 
stolchlocetry c-r.d  the other fallei  to  r.^cleate properly,  probably as 
a  res-It   of  ar atte-pt   to restart   the  ^r.lt  witr_o-t   the  J. •   "   lergthy 
clear.-jp  proceijrt:.   Yields   fro-  tr.ls   ^r.lt  have  beer.  Lr tr.e     arge of 
-'--X:.     Tre slrr.lfIcar.t   llffererce   lr tr.e operatlor. of tre  rev  ^r.lt 

.o: -6--     - —• ..   --. _..», rrlor good  prod^c" •rx**:e-z 

{:)   A: . JO -© • •   r fro: « _,     * u « 

tre   lorger preparatlors,   a   b-lld-jp of ar   f-r^rlty,   tentatively 
1-er.tlflei  as   llthl^r rr.lorl-e  by X-ray iralysls,   ras  sho-r. sa=e 

"*#■»-'      -mm        «.   t ir'^e    '- k-O      --,^-~«V    .-«, 

       » -   - :-i-j--p  or tr.e >»a..s  ar.r-, 
'atl;r   aro  crvrtal  ^rovtr. 

t.-.e s-ovi- ä -• 

(D Selected sa-ples of proo^ct  fror rir.;: whlcr p.- :jce: 
r -nj--- hav-: .•noi 

o b-5 e r*«" e d   1 r s e v e ra'   **" r s --   >-« Slr.gle  c-blc-craped  crystals  rave   ze: 
These crystals  are  rot   "perfect"  b-t   are  a   definite   Inprovener.t 
over crystals prepared  by  the  batch tecrr.l^-e.     BLIIK density and 
screen  ar.alysls  rave   also  beer.   Irproved.     Ele-er.tal   aralyses  of 
-jfreated  sa-ples  are  comparable   to  tre  bate.-, raterlal.    T^err^al 
stability  {'A deco-poslt Ion  at cl'C.)   of -rtreated  samples  naa 

'ror " — 11  davs  vit^*  t^e  best -J   -1 
days. The average zagr.esl^n-dopc-o  sazp.e contains Z .^  to 1.0% and 
■~e^-lre5   ^2-1-   days   to decorpoce   It  at cl*C.    Xagnesljr« ras  been 
l::corpor3*ed   Into corcertratlors   jp  to  1.5>?.    Tre  be?t  sample con- 
talr.e-d   l.l?t -agr.eslj=:  ard  re^-lred  25  days   to  reacr,  the  5äüe  level 
of  dec^rposlt lor.     r.ecert  satrples   have  beer,  surface  treated  with 
appmi!-ately  'A dlprenylacetylere   (D?A)  wltr tre prellnlnary data 
snowing a ICC^  Inpro-.-ener.t   In starlllty. 

"ortlruo-s Cr'.'Stalllz; Studies     (I*) 

C)     ^cst 
:dylr.g process 

wor< durlrg this  year has   been cor.centrated 
••3 »»a —j* p»^; ,   Improving sol-tlon stabil -tt 

_^T. 
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el'jz'^z'.Lr^ or reduclrg product adhesion and   Incorporating sag- 
r.eslja into the crystal   lattice of AIH3-IA5I. 

Ill Crystalllzer Deslgr. (rJ) 

nar: 
coa 
c r^- 
r-o 
to 
si 

(r)    Three crystaillier designs  have  teen evaluated, 
rly the riraft-T-te aaffle   (XB) crystalllzer,   the Hereslte- 
:er .tular crystalllzer,   ar.d   the Teflon ?Z?-llr.ed  t-bj ar 

All  three   units will produce   IC-??  Al^a-li^l  with 
dlffererces   Ir. prodjct  qaalltv,   crystal adhesion 

-*  :,''   a  function  of de- 

stalllzer. 
^^.. .* «w an 

vessel  walls  or sclutlon stability noted  as 
operation or :he  tubular crystalllzers   Is  slsllar to 

(r)     The design of the  DT3 crystalllzer was  discussed   In 
detail   In  an early report   (l).    Tnls crystalllzer was  relatively 
complex necnanlcally and =3de  effective clean-up raore difficult. 
The Hereslte-coated,  tubular unit  eliminated  the settling annuius 
ard   Lrcreased  tre  1,3 ratio  to  3:1  and  cor.e angle to 75eC.    A 
f-rther Increase  In tr.e  1^,1) ratio to 6:1 was  Incorporated   Into 
fe  oes'en  of t~e  "e'lon F3?-lined  •>•»**■ 

(2) It Is concluded fro= these evaluations that crystal- 
llzer design can and should be simplified as auch as possible ind 
that  tr.e  IyO ratio should  probab.l .   be  between 3:1  and 6:1. 

(2)    Katerlals of Construction     (ü) 

\ ■- / -..-      •         ■     •. - ,• — "       . - —        ». 

H resits-coated  steel.     Problems were  encountered with scaling 
and pin noles   In tne coating,  particularly around welds and  at 
slope changes.     I>eslgn modifications  and conductivity checks of 
the coating prior to  use   Improved  the  life of the coating    tut  it 
did not  eliminate completely the deterioration problem.    There- 
fore,   although Hereslte   Is definitely compatible with the  ala- 
nlnuc hydride  system at operating conditions.   It   la  doubtful  that 
this material  of construction   Is durable enough for coeaerclal 
appllcatlor   In  this process. 

(C)     An e'eluatlon of other materials  of conatrjctlon was 
deemed necessary  to eliminate product  adhesion to the vessel  walls. 
A  fluorlnated  etr.ylene-propylene copolymer (Teflon FEP) resin was 
found   to give outstan-lr-r -.^esults   In the   laboratorj   as discussed 
In Section A.I.,   Including  tr.e esser.tlal elimination of product 
adhesion,   a  significant  reduction  In decomposition.   Increased 
yields,   and   a  reduced clean-up  time.     As  a  result  of this woric, 
a  tubular crystalllzer was  fabricated  froa stoclc  itests of Teflon 
" «L.   _     • «".e-O ' r-^-*     r« « ^ e an: 

(l)    Evaluation of the ?Z?-llned crystalllzer  Is  Incomplete, 
Inspection of the vessel  after four runs revealed  that the   lining 
In the  5" 1 2' concentric  reducer had  sheared   In the 2" nozzle  due 

-5S- 
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to stresses generated during fatrlcailor..    This  Irea.:  Ln tr.e 
llr.lr-g exposed  the  base =etal,  rlld  steel,   *.o  *re  c. .-stalllrer 
scl-tlon and resulted  ir. excessive deco=Fosltlor. cf t.'-.t  al^rlnj 
hydrlie.    After several additional runs,   the '. 
In tJ^e cone and  on the hott »   — '      ««--l*««     ;* - 

:or FEP-llnlng 
section 

deteriorated daring a single run.     I-Pay  ^ralysls of  a  sample 
scraped fro»5 the liner revealed AlFa   (1Z-2?*),   »nd erual amounts 
of graphite and Teflon,    This deterioration   Is  apparently a reac- 
tion of either alualn-c hydrlda and/or alunlnun with the Teflor. 
?Z?.    The nature of this resctlrn art!  the conditions  required  to 
Initiate  It are unknown.     Run conditions  and rlean-up procedure? 
were both noraai. rhe only observed  effect of ne —eterlorate; 
surface  Is   increased product adhesion. 
necnanlcal prob less , a Tire resulting fro= a 
has also harpered  the evaluation progt^s. 

L-- addition 
IIAIH4 

to  tr.e  a rove 
solution  le3ff 

(C)    Heat transfer H a probli 
The ca.cu.ate 

Ir t'"e operation of ne 
avera.^.  neat  tra: Teflon ?E?-lined cryatalllzer. 

coefflcle:t  Is   less  than 1C HTTJ/'hryf t2/*? as compared 
for Pfaudler glass-lined  vessels operated  under slnlla 
The  low heat  transfer rate results  because  the Teflon Tz.? 
li not  bonded  to the base =etal.     A  benztne \'3por 

■m    ^ -uw ^ • • • 

 5. 
~ 1*        '   w*    * *'nr.   5VS--- ectio 

w^.lch Increases  the total heat  Input has  Iten operate: tut effe-c 
of vapor  Injection or rucleatlcn,  crystal gro-th,   etc.,  are   unicnoMT.. 

(C) T^ :he  -se of lor. ?£?  Is ? • —.«** *«~ ^ - 
--6   

step In the right direction.    Product  adhesion,   although  still 
present.   Is not of  the sarse order of magnitude  and T_ay  te related 
to üperatliig päräaeters and/or crysta.-lzer derlgr..    Similarly, 
heat transfer  Is a protles tut  it can te overcoce ty -sing other 
sethods of heat  Input such as vapor  Injection,  external heat ex- 
changers.   Internal heat exchangers,   etc.     Additional work  Is re- 
quired to fully evaluate the use of Teflon FE?. 

(3)    Hucleation    (U) 

(C)    The rechanlsn and conditions  of  Initial nuclcatlon 
are extremely critical  In detemlnlng the appearance and quality 
of the final A153-U51.    Xucleatlon  In the sluslnuz nydrlde crys- 
talllzer Is accoepllshed by a   'thermal  seeding" tecnnlque.     Pour 
eethods,  as shown In Figure 10,   have been evaluated wltn the most 
reproducible results obtained   using Method  -. 

(C)    The first zethod consisted of adding an etner solu- 
tion of aliailnaa hydride,   llthlua aluainus hydride,  and  llthl^n 
torohydrlde to anblent temperature  fcenzene and beating until 
nucleatlon occurred.    T».e long heating tine  resulted  In excessive 
decomposition  in the solutloc.    The second nethod was  adapted  to 
reduce this   heat treatsenr tlse.     In this nethod the hydride sol^. 
tlon was  added  to preheated  benzene.    The  third netted consisted 
of charging batch-wise the  sase solution  to  boiling benzene. 
This sethod resulted  in a  tecperature drop wltnout nucleather. 
occurring.    By reheating the  solution to  a  higher te^p-erature. 

-39- 
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n,icleat.lon co^ld  be obtsLrei.    The  foorth -■e-.r.od   Is  3  varlatlor. of 
the  third wltr.  :h«   Ir.ltlal  feei   Introduced  over a  period  of tl-e 
(23->C -Ir.-ites),  iair.talr.lr^ a  hi^h temperature,   tr...5   a  low etr.er 
concentration. 

(C)     .he  apparent n^cleatlon -.echanls-^,   l: .^r   i.J.. tlcr.s 
are r; 6 » La  directly to well-fomed  cahes  of AU-o-l-^l. 
degree  of cryatalllnlt y  tends  to  -ege:er3te  with  tln^ since  tr.e 
crystal growth rate   la  rapl-;  sone aggloceratlon  has  3I30  been 
noted.     Finally,   It   Is  essential  to eliminate concentratlon 
gradlents   In the crystalllzer to pnvent the contlnjoas nuclea- 
tlon of the  ondeslrable AlHa-l^-i-»"  phase. 

(T)     Farther c:.-.3_ier3t?on of ricleatlon  iata generated 
in the contlnjojj  crys-alllzer shows  that the controlling par^- 
eters   are  the alj^ln^: r.y^rlde concer.tratlo: tenperat-re 
(ethei   corcentratlon),   and  the  additive  hydride cone en I rat Ion, 
Since  Hljz.ir.sz hydride els' In  at  leas*,  seven polymorphic, nor. 
solvated crystalline  forms and  several  solvate: -a.-«  ~ rystal.lne  frr-ts. 
It   is   Impractical  to develop a true phase  dlagran showing tre 
relationship nf the varlo-s  aljsln^z hydride crystalline phases, 
alu=ln-ca nydrlde cor/: antrat Ion,   tesperatjre ,   etr.er concent rat Ion, 
additive hydride cone er trat lac,   etc.    However,   a  woriclr.g diagram 
which fits  eclating data  has  been developed   and   Is  presented   In 
?1«.- «he aljrln 1   r-'r- rr-    ^vr'-'r» 
otal  vol-=:£ 

of r.jcleatlo: 

■}- !e concentration  Is   tased on  tne 
Oi   -»0. present   In  the crystallLier at  the  t: 

The tecperat-re   Is  a  fu-jc" Ltr. o: 
tratlon as   It recresenta  t>~e botllns point  o" 
solvent  systen at atmospheric preaa^re. 

(C)    Kjcle .tlon In the   "batch* crys^alllier Is showr.  ty 
T-rve  1  in Figures   11   and  12;  because of the  expanded scale only 
the  lower part of the curve  la  used  for Figure  11.     In this case 
tr.e solar concentration at  .lucleatlon  Is  approximately C.C9 * at 
"5-2*;:. with r.ucleatlon occurring aa Al!i3-1--J and  proceeding 
throogn A153-l-i3>  to  A1H3'1*51.     AIHa--—-^  was obtained  If tne 
temperature was  too  low or too high at nucleatIon.    Curve  1   la 
typical of a  large number of runs ruade   under the^e conditions. 

(C)     In the continuous crystJlllzatlon studies  in the 
laboratory  ualng the  "thermal seeding"  technique   fXethod  1), the 
concentration of alumlnu= hydride was   Initially set at dXc" H. 
Nucleatlon  In this    case occurred  as AIHa-I-»*', followed  by conve 
slon  to  AlKa-liSl-     This nethod   Is  represented   by Curve 2   L 
11.    The saee technique and concentration,   however,  resulte 
direct nucleatlon of AlHa-l'^l   In th«; 1273 cryatalllter.    It 
believed  that  the  difference resulted  from a  significant  amount 
of decomposition  In  the DT3 unit  at  the  time  of 

5'ä 

r   -v. i~fiQQ     q*   •-^ • *> ^ ♦   ■■*•«•; 

Ich reduced  the concentration  at nucleatlon  to >=.   V 

as shown  In urve 3.   Figure 11 Sue lea t Ion  at concentrations 
lower than 0.O05 Ä In  the  laboratory does  result   In the direct 
nucleatlon of AlHa-l^l as would  be expected.     Again, Curves 2 

■ 

■ 
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^nd  ? are  '.ypical of a   large r.jsber of rirjs ride  ander  t.^.es-e concl 
zlorji.    Resjlta  attained  -?lr.g  the   "tr.emal  seeding"  tec.hr.lq-es 
In Kethcda  2  and   3 can be similarly Interpreted.     Data   for  several 
r^nj   -sing Method ■•  are  also  sno^r.  In Plgore  11.     Additional  r-ns 
-sing Setrod ■»  nave sjcatantlated  the conditions  req-lred   for 
direct n-cleatlon of ALH3-li51. 

j' ner 
should 
t he r ic 

lire'i: 

=ate.y  t 
ty  sola: 
no t  oc c. 
Z .22^ M 
lÖ5'an.J 

'thercal seeding"  technl^jea  and 
no reference   tc -   ?< 

(C)    The  fondasental  difference between Method 
hre 
be 
lea 
y M 
3M 

ted   by 
on  ten: 

g^re  11, 
:eratar« *CF. tne (AU 

t    batch 
Instead  of 
'.3  in 3ol.it 

lo 

Id 
s 

n. 

left 
h^d  i  proceeds  fro-j the right according to 
If nucleatlon pr3:e»d3  in a no mal  nanner, 

e concentration regains  below C.0C5 Ä with 
ase aaoont  being resoved  by crystal growxh 

If for so=e reason  (laporltles,   etc.) n-c 
n»  alarlnua hyr«rlJe concentration  increases 

(broken  line)  and  enters  a region where  Ali 
other extraneooa phases nucleate. 

-  and 
techn 

appro ac 
ion), n 
the sol 
tne al 

äpproxl 
as is a 
leatlon 
above 

H.   A1H 

he 
iqae 
hing 
^cle- 
Id 
a- 

Ided 
does 

3" 

(C)    It  la apparent : roa these data that the alatilnjc 
>-j-i-e concentration at noc leatlon  is a controlling  factor.    The 
pper concentration  llrlt  to  obtain AlHa-l-iSl directly   is  approxl- 

j Z.ZCö M.    Concentrations above this  llxlt us-ially yield 
wnen 

,~*w,1 

nate. 
AIH3-I---  at  the  higher te=j.eratores.    The one exception  1 
3   large  excess  of  llthlJ= alosln-a hydride  is  present  in  the crys 
ta izer at nocleatl 

Le   '.'..on  of  Air-. 
on.    This  tends to expand  the region  for direct 
-r"   (srarr^j resulta)  and  appeoro to play 3 

rcle  in the njcleatlon nechanisa.    Finally,   it  should  be ertphasized 
^nat   the exact sivapes  of the phase c irves,   their exact location on 

■4« 

3e 

•— -       - - - —      — - -- —   -     — • —— j ——               m —   — »   —  

e  dlagraa,   and  the  relative areas   ire only approximate  and  repre 
nt a val-able wortclng dlagraa cona latent ^ith all available data 

C^)     Parameter Studies     (ü) 

(C)    The cost significant j^eraaetera   m the alu=lru= hydride 
crystallization process are believed to be agitation,  crystal 
retention tl=e,   feed  rate rnd  additive hydride concentration. 
These  and other paraseters  studied are discussed  below. 

(a)     Agitation     (0) 

Agitation affects the cryatalllnlty of AlHa-l^Sl and 
retention tlae,  but has  little.   If any,  affect  on 
slon  to vessel »alls.    The effect on product  aggloaera- 
kr.own.     These concluslosis are based on observations 
rge number of r'-ns  in which three  types of agitator 
evaluated.     Designs  include propeller,  anchor,   and 

3 operated with and  without draft  tubes,  and  with both 
ownward draft.     Speed  han been varied  froes SO-JOO rpa. 
affling .--as not  been thoroughly exaalned,   as   internal 
has  been elnlalzed due to the product adnesion probleo 

-4*. 

(C) 
the cry ital 
product ad he 
tlon  is not 
nade   In a  la 
designs were 
turbine type 
upward and  d 
,ne  use 
3-r face area 
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•see Sec-.lor. k.2 .c .{")].    N'D  s Igr.irfcar.-.  rryatal  tre3^3;e  «as 
otserv^cj   .Lr.c!er  ir.j  cf  tr.e  exp-e-rLrer.tal  cor.-I*, lor. 2   D^tllr.e-. 

trjr.  trs?  effect   of  LIAIH^   or.  crystal  grr.^*.r.  ar.dor t.-.e  crvatal 
retention tine   In  the crystalll^er.     A^gljneratijn  Is   also  a   func- 
tion of  ULALTLA  c one ent na t Ion  an-  cnvstal   '*o''ent''*r   tine     wit**   tne 

agitator designs,   e.g.,   t.-.e  anc:tor agltatrr,   tent   to  cw.'r-  tne 
sol-tlon,   forcing  tne core  dense  cryctils   to nlgrste  to   t 
At   tne   r.lgr.er speeds,   the  centrlf^al  fence   Id   ".anger t.u-: 

^a _. , 

s 
- «-an Tnls  can  ire  ell-lnated   t"  t.-.e   -je  ...   -:..-_^,   -.;.-   j.   ~j 
recjcllng a  strean: throign a  proi-ct  5epar.itor.     Froiict   adneslon 
to vessel walls  vras not  significantly altered   by any of t-e  agita- 
tion systenseval-iate-J. 

{:) ire prx>c JC t  ?dr.-es '.or. pror l^ra  is  solved. 

-v*« .-»     »v. ro-O   sno.1--' srt  0:   t.-.e   a^ltjtcr  to Is  recomenoe' 
nln.tnlze   Internal  surface  area   ar.c  -.alntiln  a   srojtr.   «all.     Ince 
the ad he s Ion croir len  *5  solv-c     a,r* t a 11 on  s-o^ld  t ~  ^^nt-er ct-i led 
to  select,  optlnlce,   and   es-a'rllsr.  declgr. criteria   fen  scile-^c. 

ft) >»• -« ^^   *•«. 

(:)    An  approx'nat- 

Cn 

ita.   r 
for tne rr3 crystal: Izer for r^r.a vlt;.?-t a cont 
product strean. It K-JS foa;:d *.-3t t.-.e a-.erage t 
M— *c*" 's *on^L ''or tr*0 -AA^*—^^•-^•••■^ ^^ .— • •- ;— •• - 
cor^l-^ed  that  *ne average   retention  * * — ■ 

. L-?  vas   eätab-lsre' 
■* — s   re vc 1 e 
vas  ,■.~   r^y.r: 

-   ^ - / 
..Ms   was   a: considerably  rea.;ced 

"Teflon p-np  to cont Ir.-io^sl y  recycle 

coate; 

f —r 
settl^ 

... W.w-—^. w..-^_. ....J—Ä.. - 

.on 
ed   In  tne  leflon ?£?  ^nlt* 

.a*•-'a 
t Lne,   tre e^jtrla'lon strear. vai   no* 
however,  no control  of  tne   particle   sice   range   va 
Is   obvious  tnat  t.-.e  reten* Ion  tine  i.-o:!."   te  nlnlnlced,   t-t   as  with 
agltatlor..   It  c5nr.ot   re  accurately controlled   jxtli  product   adr.e- 
sIon  li  solved. 

XU J*.--* Rate     (V) 

(C)     A range  of  feed   rates   varying  between  2.1C3   and   : .2:2 
noles  of aljcLln.jc: hydride  per liter of crvstalllzer per .-.o-;r was 
st^d'ed  early  In  tne  year.     It  was  apparent   fro.:  the  results   tnat 
the  feed  rate affects both  the n-cleatlo::   ir.z  growth necnan!s-3. 
3o=e r^r.3 nucleated  as A1H3-1->~1,   b^t,   c.--;   t ■■-••w»-4     -r--»-'i-*o     ^ -^ö - 

J        a * a»*    n x for grow~tn,   ren.u:.eated  sor.e  tine  la 
I---.     I^ter In the  year r^nc  were n?-e witr.  a   f 
nately 2 noles  of  alonln^n  nydrlde  p*r  rjir  (Z.Z' 

. 1,,   _   ^^. i rate  of  arproxl- 
ole / liter/ho ;r) 
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demonstrating that AIH3-145I can be crystallized at significantly- 
higher feed rates.  The ma-ximum rate depends on many factor such 
as nuclei size, distribution, effects of impurities, etc., and has 
not been established.  Rates up to 0.13 moles/liter/hour have been 
used in laboratory back-up work. 

(d)  Feed Concentration  (U) 

(C)  Solubility data of the etherate of aluminum hydride 
in diethyl ether have been presented previously (3).  A method was 
developed to permit the holding of more concentrated solutions. 
Recently 1 M ether solutions of aluminum hydride have been success- 
fully used.  These solutions were made by renting ether solutions 
of AICI3, and LiAlH4 at 0oC. and maintainirv; the resulting solution 
at that temperature.  More concentrated solutions were used in the 
laboratory to make AIH3-.I45I and should, therefore, prove practical 
on a larger scale. 

(C)  The 
tion of more alumi 
be removed as dist 
same objective is 
taining the concen 
has also been eval 
solution up to 75 
of 0.25 M, i.e., a 
Higher benzene con 
precipitation of t 
advantage of this 
cycle required. 

more concent 
num hydride 
illate.  Ano 
by diluting 
tration, bas 
uated using 
volume %  wit 
concentrati 

centrations 
he aluminum 
technique is 

rated feed solution permits the addi- 
per unit volume of ether, which must 
ther method of accomplishing the 
the feed solution with benzene, main- 
ed on total volume, constant.  This 
benzene concentrations in the feed 
h an aluminum hydride concentration 
on of 0.75 M based on ether alone, 
are possible; however, premature 
hydride sometimes occurs.  The dis- 
the increased amount of solvent re- 

(e)  Feed Injection Point  (U) 

(C)  The position of the feed injection point was found to 
be critical for proper nucleation of AIH3-1451.  If it was placed 
xn a position where concentration gradients could exist, a mixture 
of A1H3-1451 and A1H3-144J+ phases resulted.  Proper nucleation of 
AlHa-l^Sl without other phases was obtained by injecting the solu- 
tion through a dip pipe into the bulk of the circulating magma 
near the agitator. 

(f)  Additive Hydrides  (U) 

(C)  The early runs in the DTB 
LiAllU and LIBH4 in equal concentrations 
in keeping both hydrides in solution in 
it became necessary to study the effects 
It was known that AlHa-l^Sl could not be 
present, but the necessity of LiBH4 was 
fore initiated to evaluate the effect of 
was added to the reactor to generate som 
runs the only LiBlU present was that gen 

crystalllzer contained both 
Problems were encountered 

the continuous process, and 
of each of these additives. 
made unless LiAlH* was 
in doubt.  Work was there- 
LiBH4- Originally, NaBlU 

e LiBIU in situ. In later 
erated during the NaBH4 
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treatment step.     It was  found  that LiBH^ was  not required   to nu- 
cleate and grow A1H3-1451.     Furthermore,   product  quality did not 
appear to be affected,   as  product from a  series of runs was  white 
A1H3-1451 possessing  a cubic  crystal habit and  a  thermal stability 
of 7 to  10 days  before reaching  1% decomposition  at  60oC .     Other 
physical and chemical  properties  were comparable  to material made 
with LiBEi present.     Later work has  shown,   however,   that LiHU  in 
the  initial  feed  solution gives more consistent nucleation,   espe- 
cially when  the  hydride   has   been doped  with magiesium.     It   is con- 
cluded  from this  work  that  LiBIU  is not  needed   in the continuous 
process where   "steady  state" conditions can be attained,   but does 
have a  beneficial effect on nucleation.     This   is  probably related 
to the  increased  solubility 01   LiAlPU. 

(C) Excess 
zation since it bee 
concentration. The 
of LiAltU which is 
concentration must 
During the first pa 
direct control of t 
photometry techniqu 
the feed solution c 
much better control 

LiAlH4  also creates problems during crystalli- 
omes  extremely difficult  to maintain the optimum 

feed   solution must contain a very slight excess 
necessary for desolvation yet the  increase  in 
be  held   to  a mimimum during crystallization, 
rt of the   year stoic biometry problems  prevented 
he  LiAlH-i concentration,   but  after the  flame 
e  was developed  the exact  amount of LiAlEt  in 
ould  be  determined.    This  analysis  resulted  in 
of this  parameter. 

1 T TT 

(c) Magnesium  is   incorporated   into  the crystal 
um   spec J-C,   J 
incorporation of mag- 

lattice of 
13-i-T^j,  uy  duu.Lng an coiici-soluble rnagnesluiTi specie,   j-i±i'ig^nxn^y3, 

to the aluminum hydride  feed  solution.    The 
nesium is discussed   in a   later section. 

(g)    Temperature     (U) 

(C)    The  temperature of the crystallizing medium is  a 
direct function of the  ether concentration  in the  ether-benzene 
solvent since  all work has  been done at atmospheric  pressure. The 
effect of equilibrium temperature  ranging from 750-780C.   (8 to 4 
wt. fi ether)   has   been evaluated  with essentially no  affect on 
growth observed.    The  equilibrium solubility of aluminum hydride 
is   too  low for growth above 780C .   and  too  high for nucleation as 
AIH3-I45I below 750C.     The  temperature  for nucleation,   however, 
is critical. 

(5)    Types  of Decomposition     (U) 

(U)    The decomposition of aluminum hydride on the vessel 
walls  has been a major problem  in the development of the continuous 
crystallizer.     Three  types  of decomposition during crystallization 
have been defined.     One   is  related  to  the   thermal  sensitivity of 
the material  and  the  other two are related   to  the  presence of 
impurities.     Techniques   have  been developed   to  effectively control 
the rate of decomposition   in  the crystallize!' for periods  up  to 
8-10 hours. 
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(a)     Thermal     (U) 

(C)     One  type of aluminum  hydride decomposition  Is  thermal 
It   Is  a   function of  the   time  the  aluminum  hydride   is   in  the crys- 
talllzer at  the elevated   temperatures  required  for desolvatlon and 
crystallization.     This  type  of  decomposition can  be controlled   by: 

(i)     Decreasing the crystal  retention time. 

(ll)     Reducing  the crystalli:er wall temperature. 

(ill)     Reducing tne crystalllzer  solution temperature. 

The first  two approacnes  have  been actively pursued  and   have  re- 
sulted   in an improved  product.     It   appears,   however,   that  the 
minimum temperature  for crystallization  is about 75°C.;   below this 
the  rate of desolvatlon and conversion  becomes  too  slow for prac- 
tical use.     The optimum temperature  appears to  be  between 75o-80oC. 
which  is   the range of  the ether   -  benzene system  being used. 

(b) Catalytic   Surface  Decomposition     (U) 

(U)     Another  type of decomposition is catalytic  surface 
decomposition, caused   by impurities  on the  surface  of the vessel 
wall.     This  type can  be controlled  by using a non-porous material 
of  construction  such as  polyperfluoroethylenepropylene copolymer 
(Teflon  PEP)  and/or by surface  treating the crystalllzer   Just 
prior to   start-up with a  very dilute  ether-benzene  solution of 
lithium aluminum hydride.    The   latter  technique has  been demon- 
strated  on both glass  and  Hereslte   in  the  laboratory and   in  the 
larger scale crystalllzer. 

(c) Solution Decomposition     (U) 

fc) Solution decomposition is caused by impurities in the 
crystallizing solution; it is also related to the compatibility of 
the materials of construction with the aluminum hydride at process 
conditions. The only effective way to control this type of decom- 
position is by quality control techniques and the selection of 
compatible materials of construction. Quality control is a sig- 
nificant  part of the existing program. 

(U)     Ltpurities  are  Introduced  from various  sources   in- 
cluding raw materials   (AICI3,   LiAlH-t,   dlethyl  ether,   benzene), 
reaction  by-products   (ilCl,   AIH2CI,   etc.),   the  atmosphere   (Oa   and 
HsO),   cleaning residues   (HC1,   H2O,   and/or reaction products)   and 
aluminum  from the decomposition of aluminum hydride. 

(U)     Impurities   in the  aluminum chloride are primarily 
trace metal chlorides.     A typical  emission spectroscopic   analysis 
is  shewn in Table VI.     The preparation procedure of aluminum 
chloride  solution Includes  a  hydride  treatment  step with either 

1 

v-,1 
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NaBH^,   NaAlH4,  or LiAlH4.     It  Is   believed  that this  treatment  re- 
moves   the  transition metals   (Pe,   Zn,   Ti,   etc.)  which are known to 
be detrimental to the stability of aluminum hydride.    Emission 
spectroscopic  analysis  of the  aluminum chloride  solid  after treat- 
ment  does  not reveal a noticeable difference   In concentration of 
any of the detectable metal   ion(s),   but the presence of Ti and   Zn 
in the hydride residue  has  been  identified  by X-ray analysis. 

Table VI 

(U) Typical Emission Spectroscopic Analysis 
of Reagent Grade Aluminum Chloride 

i     i 

Metal Concentration, ppm 

B <25 
Ca <250 

Cd <50 

Co <50 

Cu <25 
Cr <25 
Fe 190 

Mg <59 
Mn <5 
Ni <25 
Pb 48 

Si 70 

Sn <50 

Ti <25 
V <50 

Zr' 

<100 

<50 

(U)    The  lithium aluminum  hydride  is approximately 95^ 
pure as determined   by  elemental analysis.    The   insoluble portion, 
which  is  removed  by filtration,   contains oxygen as  determined   by 
neutron activation analysis.     It   is  believed  that the  resulting 
litnlum aluminum hydride solution  is   free of detrimental  impurities 
with the possible exception of trace amounts of LiCl. 

(U)    Malllnckrodt diethyl  ether.   Grade 0848,   appears  to   be 
free of detrimental   impurities,  The   benzene  is monitored  for im- 
purities,   including sulfur  (<5 ppm),   unsaturation,   and  aromatic 
and  aliphatic compounds.     All of the ether and  benzene  is distilled 
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from  lithium aluminum hydride and  treated  with molecular sieves 
prior  to  use.     Impurity  build-up   in  the  recycle  benzene   is  sus- 
pected;   however,   efforts  to  isolate and   identify any apecies  have 
failed. 

(C)     It  is known  that  soluble chlorides auch as  AICI3, 
LiCl,   AIH2CI,   etc,     will   inhibit nucleation and/or  initiate decom- 
position.     The effects  are noted when  the  feed concentration of 
soluble chlorides  exceeds  0.001 M   (a mole  ratio of  1 Cl:300  AIH3). 
Soluble chlorides are  removed  by  reaction with NaltfU  in a  feed 
treatment  step. 

(C) 
affect nucl 
(A1H3-1717 
purging of 
nitrogen su 
analyzers a 
ties in the 
crystallize 
eludes  seve 

Contamination     from air   (O2  and H2O)   is  known  to 
eation and  stability as well as cause phase  problems 
and  AIH3-I563).     The clean-up procedure  includes  the 
all equipment prior to use with copious amounts of 
pplied   from a   liquid   nitrogen source.    Water and  oxygen 
re  used  tc T.onitor the concentrations of these  impuri- 

ppm range.     Cleaning residues  which can remain  in the 
r  include HCl,   -^0,   etc.    The cleaning procedure  in- 
ral  steps  to minimize  residues. 

(C)     The catalytic decomposition of aluminum hydride on 
the  vessel walls  is primarily a  surface  phenomenon and may be re- 
lated  to diffusion of  impurities  to  and/or  into the  surface of 
the vessel wall.     A treatment of tne   vessel witn lithium aluminum 
hydride  has  significantly reauced  tr.e  amount of tnis  type  01 
decomposition. 

(C) 
have  shown 
condenser, 
solid  was  r 
tank.     Purt 
in the  solv 
recovered  f 
C,   6.5,   H, 
rial  balanc 
tc  both  the 
ever,   it   is 
carried   to 
tanks , 

Careful observations 
a  residue always  forms 
and  solvent  recovery  st 
ecently recovered   from 
her searching revealed 
ent  recovery column.     E 
rom the column  showed  t 
2.2;   Al,   25.7;   B,   2.6; 
e  of 98.2^.     This mater 
nucleation and   thermal 
not knov/n how  this mat 

the  top of the distilla 

of the crystallization  system 
in the distillation column, 
ill.     In  addition,   a  flocculent 
the  recycle benzene  storage 
a   jolid  coating on the packing 
Ifmental analysis of a  sample 
he  following weight percent: 
ui,   4.2;   0,   57.0,   giving a mate- 
ial   is  known to be detrimental 
stability of AIH3-I451.     Hcrf- 

erial   is  formed  or how  it   is 
tion column and   to  the  solvent 

(6)     Cleaning Procedure     (U) 

(c)     The cleaning procedure  for  the crystallizer  is  ex- 
tremely critical   in controlling aluminum hydride decomposition 
during processing.    The procedure  is  time consuming and  detailed 
It consists  essentially of  the  following  steps: 
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(i)     Acidizing with a  5-6 wt. % solution of hydro- 
chloric  acid  at  elevated  temperatures. 

(ii)     Rinsing thoroughly with distilled  water 
(condensate). 

(ili)     Air drying at  elevated   temperatures  for 2-3 
hours. 

(iv)     Purging with gaseous  nitro^fen  to remove air. 

(v)     Benzene distillation to  azeotrope   the re- 
maining water. 

(vi) Treatment of the crystallizer surface with 
a dilute ether-benzene jolution of lithium 
aluminum hydride. 

(U)    The above procedure has  been evolved over the past 
18 months  and   is  now the  standard  operating procedure.     Various 
other  steps   such as HP treatment,   ether  rinses,   acetone  rinses, 
etc.   have  be^-n evaluated  and  rejected.     Attempts are continually 
being made   to  further  improve  solution stability by  improving the 
clean-up procedure.    Techniques   to reduce  the  time required  for 
clean-up were  investigated,   but  additional  work is required   in 
this  area. 

(C)     Treatment of   the  aluminum  hydri'ie crystallizer with 
a dilute solution of lithium aluminum  hydride   in an ether   - benzene 
solvent  system hat:  been demonstrated   to  effectively control alu- 
minum hydride  decon?position on vessel  walls.    The procedure  in- 
cludes  the  addition of a  small amount  of   lithium aluminum hydride 
solution  to   the crystallizer containing  a mixture of ether and 
benzene.    The   solution  is  then heated,   while  being agitated,   and 
drained  to  the  spent solvent   tank.     The   treatment  is   effective  in 
benzene,   but  solids   (LiAlH-i  and/or  reaction products)  precipitate 
and  are difficult to remove.    The concentration of llrhlum aluminum 
hydride  in the crystallizer  based on  the  total  volume of  solvent 
present  has   been varied   from 0.7-2.5 mmolar.    The  treatment   is 
beneficial  at  the  low concentration  but   is  not as  effective  below 
about   1.0 mmolar.    The treatment  time  has   been varied   from one-half 
to   two  hours  and  the  temperature from ambient  to 80oC.  with little 
change  in effectiveness.     It   iu  believed   the  LiAlH4   is  reacting 
with  impurities   in the pores  of  the  vessel walls and/or with the 
Heresite  surface,   thereby passivating  the   surface.    This  treatment 
technique  is   being further evaluated  wi+h the PEP-llned  vessel. 

(7)     Product  Adhesion     (U) 

(C)     Adhesion of AIH3-I451  vo  the vessel walls  of the crys- 
tallizer remains a  problem.     It   is  no!-,  a   function of crystallizer 
design or degree of agitation  but  is   increased   by the presence of 
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solid   lithium aluminum  hydride.     The  adhesion  rate  to  Pfaidler 
glass  and  Heresite   increases  with run  time  with  the   "point of 
diminishing  return"  reached   in  3-5  hours  after  nucleation.     In  a 
recent  series  of  runs   (25)   In the  Heresite   tubular crystallizer, 
the  run   time  was   limited   to  3-^   hours  with  product   recovery  averaging 
50T60  wt.  %.     Runs   under the  same conditions,   but  longer,   result   in 
significantly  lower   recovery. 

(c)     Laboratory work,   detailed   in  Section  A. 1,.,   revealed 
that  product adnesion could  be  essentially  eliminated  by  using 
Teflon  FEP.     This   work   led   Lo   the   Installation  of the  nine-gallon 
FEP-lined  ciydtallizer discussed  earlier.     Adhesion does occur in 
the   larger  scale   unit;   r.owever.   It   is   radically uifferent   from  that 
obtained  on   eitner  the  Pfaudler glass  or Heresite  surfaces.     The 
adhesion  occurs   in  the  form of   "sheets"  of crystals,   analyzed   by 
X-ray diffraction  as   IZZ% A1H?-1^51,   which   "flake"  afte^ a  period 
of  time.     This   indicates   tnat   the  product   is   not  tightly   bound   to 
the  surface  as   is   the case  in  both  the  Pfaudler glass and  Heresite 
units.     A water   spray will retov0 rr.ost of the coating at   the  end 
of a  run    wnereas  acidizing  is  required   in  the  other units.     Based 
on  these observations and   laboratory data   presented   in Section  A.l., 
the adhesion may  be a  function of crystallizer design,  agitation, 
inner wall  temperature or some  other  system parameter. 

(C)     In  summary,   the  use of Teflon FEP  is  a  significant 
step   in  the  right  direction.     Product adhesion,   althnugh still 
present,   is  not  of  the  sa^e order of magnitude  and \nay  be related 
to operating parameters and/or crystallizer design.     In addition, 
other  similar materials  of construction  snould   be  evaluated.     Addi- 
tional  time   is  required   to evaluate  these alternatives and   to 
develop a crystallizer wnich can be  operated   for several hours  at 
realistic   feed  rates  with minimal product  adhesion, 

(8)     Incorporation  of Magnesium     (U) 

(C)     Magnesium   Ls routinely   Incorporated   into the crystal 
lattice of A1H3-Ii+51  via  the continuous crystallizer using the 
solution  technique developed   in tne  laboratory.    The doping agent 
has  been shown   to   be   the complex  hydride,   LiMg'AlHOa.     A maximum 
magnesium concentration of 1.83 wt, % has  be^n  incorporated.     The 
magnesium yield  averages nearly  li)i%,   i.e.,   essentially all the 
magnesium added  to  tne feed  solution  is   incorporated   into  the AIH3- 
1451   lattice. 

(C)     The  early runs were plagued   witn precipitation of 
the doping agent,   Li.MgfAlHOa during crystallization,   particularly 
at nucleation  where  the  etner concentration  was   low.    This   ha^   been 
eliminatt i   by   Increasing  the concentration of the additive  hydride, 
LiAlH4,   ar;d   by  adding L1BH4  to the  feed  solution. 

mains a 
(C)  The 

question. 
effect of the magnesium on product stability re- 
Some samples show improvement; for example, run 

-52. 

a^fsmim ■Mffl-M.naiK..« 



CONFIDENTIAL 
ioj A   (1.10^ magnesium)  required 28 days   to reich  1% decomposition, 
while others,   such as   176  A   (l.l8$ magnesium),   decompose more 
rapidly than the normal material.     Similar abnormalities  exist   In 
the non-magneslum-doped  samples.    ThF   average normal sample re- 
quires 8 to   10 days  to reach the  1^ decomposition  level,   whereas 
154  A required   19 days to reach the  same   level of   iecomposition. 

(9)  Reaction Stoichiometry  (U) 

method has been made standard operating procedure for the continuous 
crystalliJ'er runs . 

(10) Post Treatment  (U) 

(C)  Selected samples have been treated with an ether solu- 
tion of diphenylacetylene (DPA) using techniques developed in the 
laboratory and discussed in Section A.l.  Results are too prelimi- 
nary to draw any conclusions; however, based on laboratory data, 
treatment of the hydride before vacuum drying significantly im- 
proves product stability. 

(11) Production     (U) 

(C)     A goal of this work was   to  produce  samples of  the 
best possible  quality AlHa-l^l  for complete characterization. 
Difficulties  with product adhesion have  slowed production,   but 
pound  samples  have been  supplied  to  selected  organizations. 

P.     FUNDAMENTAL DECOMPOSITION  STUDIES  OF ALUMINUM  HYDRIDE-1431     (U) 

(U)     Efforts  to develop a 
the decomposition of aluminum 

sound  theoretical explanation for 
hydride  have  been made  throughout 

the past  year.     Taliani data,   X-ray data   the  theory of color 
development,   and  the principles  of solid   state  physics   have  been 
applied  to   this  problem in  the belief  that a  better understanding 
of  the processes will  lead  to   improved  methods of stabilizing 
A1H3-1451. 

1.     Mechanism of Decomposition     (U) 

(U)     Previous  studies  suggest  that  the decomposition of alu- 
minum hydride  should  be   interpreted   in terms of a three-stage 
process: 

(i)     The   initial reaction occurring at  the  surface 
of the crystals, 

H: H. 
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(il)     The  formation of stable  aluminum nuclei. 

(iii)     The   reaction occurring  at   the   interface  between 
the  A1H3-11451 and   the  aluminum metal. 

The   last   two  processes,   nucleation and  nuclei growth,   are   inde- 
pendent  and   will  vary with  time, but   the nucleation process   is 
probably  tne more   important   if the  thermal  stabilization of alu- 
minum  hydride   is  considered. 

(U)     Data  accumulated  from various  decomposition studies  sub- 
stantiate  the  belief that  the   initiation of decomposition occurs 
primarily at  the  surface of the  hydride crystals.     As  a  result, 
there   is  a  particular  interest   in  further understanding and   eluci- 
dating  the  mechanism  involved   in  the  first  stages  of the  decom- 
position process . 

a.     The  Formation  of  Stable  Aluminum Nuclei  in  the   Lattice   by 
Radiant   Energy and  Electrical  Fields"     [XT) 

(U)    The   formation of stable aluminum nuclei primarily at  the 
surface of the   Alrb-l1^!  lattice   is  believed  to  be the  result  of a 
three-step  process  as  follows: 

(i)    The diffusion of a  non-equilibrium concentration 
of anion vacancies   tnrougn  the  hydride  by a 
vacancy  transfer method . 

(ii) The formation of "germ nuclei" by 
electrons by the vacancies at the 
perfections,   or grain boundaries. 

capture of 
surface,   im- 

(iii)     The coalescence 
growth nuclei, 

of   "germ nuclei"  to  form active 

(u)     Closely associated  with these  phenomena are  the  appearance 
of color  in aluminum hydride  and   its   behavior as  a  semi-conductor 
(4}.     At  elevated   temperatures   it  usually changes  to an off-white 
or gray after only a  few tenths  of a  percent decomposition,   gradually 
changing to  black with  Increasing decomposition.    Ultraviolet ir- 
radiation,   visible  light  irradiation,   electron bombardment,   and 
gamma   irradiation of  the  hydride change   its  color from white  to 
light   brown  or  black. 

(U)    The  formation of color centers  by  irradiation  is  orobably 
due to a displacement of the elements   in the   solid   lattice  from 
their equilibrium position;   this  gives   rise  to an electronic   im- 
balance   in  the  solid and results   in an excited  state  for the  solid 
with an accompanying  loss  of  symmetry of the  bonding electrons   in 
the  A1H3-1451  lattice. 

(U)     Color center formation   is   a  function of the  thermodynamic 
temperature and   susceptibility of the  solid   to  radiation   (5).     The 
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thennodynamic   temperature  imparted   locally to A1H3-1451 by irradia- 
tion with visible,   ultraviolet,   or gamma-rays,   could  easily exceed 
6o0C.   which  is  probably above  the  threshold   temperature  for  the 
onset  of decomposition  of  the  hydride.     It  would  also  be  expected 
that  the more  energetic  forms  of radiation would   increase this 
excitation.     Although no  quantitative data   are available,   qualita- 
tive observations   indicate  that  ultraviolet   light  is more detri- 
mental  to  stability than visible   light,   and   that once the  electron 
in the  solid  has   been excited,   the process   is   irreversible  except 
pernaps  at   low temperatures   (-150C)  over  a   long period  of  time. 
After  excitation and  attainment  of more  freedom by the electron, 
the bonds   in the hydride  lattice are more  easily broken. 

(U)     As  a  semi-conductor,   aluminum hydride  possesses  two  bands, 
one a  non-conducting band  and   the  other a conduction band.     At a 
given  temperature the movement  of electrons   between the  two  bands 
is  a  steady state  exchange.     This   equilibrium  is changed  by the 
presence of  an  electrical  field,   since  electrons   in the conduction 
band  will couple with the electrical field,   and  the probability of 
their falling  back to  the non-conducting  band   is reduced,   while 
motion  in the  reverse direction  is  unaffected. 

(U)     An  indication that  the  above  process   is operative 
by the  effect  of an electrical   field  on  the  thermal stabil 
A1H3-1451 at  elevated temperatures.     Figure   13  illustrates 
duction  in the   length of the  induction period  of materials 
between an  electrical  field  at   100oC .    The  presence of an 
field   increases   the  number of  electrons   in  the conduction 
value above that normally found  at  that  temperature.    This 
population of electrons  in the conduction  band,   whether pi 
by an  electrical   field  or electromagnetic   radiation,   adds 
to  the   lattice  and  promotes  a metastable condition conduci 
initiating decomposition of the  hydride.     This  factor alon 
probably not  be  enough to give  rise  to  the decomposition o 
1451,   but   in combination with  its   thermodynamic   instabillt 
unsymmetrical  situation existing at the  surface of the  hyd 
does  become  very important. 

b.     Decomposition of Aluminum Hydride-l451  by  the  Loss of  Surface- 
Terminated  Hydrogens     (IT)         ~   ~  ^"     ""'   

(U)    A more complete understanding of the crystal  structure  of 
AIH3-I451 has   led   to a critical  examination of the structure and 
bonding which  exist  at the  surface of  the   hydride.     If the mechanisms 
by which surface decomposition  is   initiated   and continues  to progress 
are  understood,   it should   be possible  to  eliminate or greatly reduce 
the  rate of decomposition of the  hydride. 

(U)    TheAlHa-l^Sl structure   is  a completely hydrogen-bridged 
three-dimensional network with aluminum atoms  equidistant from each 
other at  the points  of a  rhombohedral   lattice and octahedrally bonded 
to  six hydrogens.    The  latter are   located  off-center of the cell 
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edges.     This configuration represents   an   "electron deficient" 
molecule,   since there are more  usable  atomic   orbits  available than 
there are electrons  to  fill them.     The  result  is  a  structure of 
three-centered,   hydrogen-bridged  bonds  which consist of three 
orbitals  occupied   by  two electrons   in a manner similar to the 
hydrogen-bridged  bonds   in diborane.     For purposes of accounting 
each hydrogen  is  assumed  to contribute  one  electron,   and  each alu- 
minum one-half electron to the orbital. 

(U)     In addition  to the bridged   hydrogens which make up  the  bulk 
of the structure,   there are terminal  hydrogens  at the surface.     The 
bond   in  this case   is  a   "normal"  localized  sigma  bond with aluminum 
and  hydrogen each contributing one  electron to the orbital. 

(U)    The   initial  decomposition reaction  involving loss of 
hydrogen  at the  surface can be   initiated  by  two  reactions: 

2-fAl-H-Al-)-    -> 

■fAl-H-Al:H4- 

24A1-A1-)-    +    H2t 

>    -fAl :Al4-    +    H2 

(1) 

(2) 

The first reaction denotes decomposition by loss of hydrogen from 
two adjacent  hydrogen-bridges;   the  second  results   from reaction 
between a  surface  terminal hydrogen and   a  hydrogen bridge. 

(U)     Both reactions  create anion vacancies which subsequently 
lead  to active growth nuclei and  further decomposition.     In addi- 
tion,  a  resonance  effect,   shown  in Equation   (3),   which results   from 
two aluminum atoms  sharing one  electron.   Equation   (l),   probably 
contributes  to  the  formation of color. 

Al"    +    AlJ    *    A1+    +    Al- CJ) 

(U)    The  loss  of  hydrogen from the   surface at  highly exposed 
areas  such as corners  and  fissures destroys  the  AlHj-l^l  lattice 
and changes  the  bonding of the aluminum atoms.     As a  result,  there 
is  a  shift  in the  electron density of  the aluminum and  hydrogen 
atoms.     The  hydrogen   in the  surface plane will move up and out of 
the plane  to produce  a  sawtooth effect,   as  shown below,   to compensate 
for the  initial  loss  of hydrogen. 

^HN    y.HN    ^HN    .,HS 
Al       Al       Al       Al       Al 

(U) These hydrogens are now less stable than those in the 
interior of the crystal and consequently may also be released as 
molecular hydrogen. The result is a slow loss of hydrogen at 
first (the initiation period) followed by an acceleration of decom- 
position as the stable nuclei formed during the induction period 
continue to grow. 
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(U) These theoretical considerations of surface structure and 

bonding explain why surface treatments can reduce the rate of decom- 
position.  This result is probably achieved by providing: 

(l)  A more stable bonding situation for the orbltals 
of the aluminum at the surface. 

(ii) A reduction In the aluminum and especially hydro- 
gen mobility at the surface resulting in a reduc- 
tion in crystal stress. 

(ill). An electron sink; by tying up the electrons 
by loss of hydrogen. 

freed 

2. Magnesium Stabilization  (U) 

(C)    The  incorporation of magnesium  into the crystal  lattice 
of A1H3-1451 made  by  the  batch process  was   found  to  significantly 
reduce  the decomposition rate,   although  the  type of  solid  solution 
formed  wa3  not  known.     More recently,   however,   it  has  been  found 
that the  effectiveness  of magnesium  stabilization also depends on 
the process   used   for making  the hydride,   and  this  has   led   to a more 
thorough study of the   location and  probable  effect of magnesium  in 
the aluminum hydrlde-1451 crystal  lattice. 

a.     Location of Magnesium  in the Hydride  Lattice     (U) 

(c)     X-Ray diffraction patterns of magnesium-doped  hydride 
show no new  lines,   but do   indicate a  unit cell expansion which is 
proportional  to   the magnesium concentration.    The absence of any 
new lines,   which would   be characteristic  of the  formation of a 
super-lattice or precipitation of a new phase,   suggests  the mag- 
nesium  is  randomly  incorporated   Into  the   lattice. 

(C)    Density measurements  of magnesium-doped  hydride  have re- 
sulted   in the   location of magnesium  in the  hydride  lattice.    The 
density of a  series  of pilot plant  samples containing varying con- 
centrations of magnesium was measured  by a  helium densltometer. 
The measured  densities were  found  to decrease as magnesium concen- 
tration  increased  as  shown  in Figure  lh  and Table VII. 

(C)    Comparison of the calculated   theoretical density with the 
measured  density  indicates  that magnesium forms  a  substitutional 
solid  solution.     The measured and  calculated  densities  and  unit 
cell dimensions  for each sample evaluated  are  given  in Table VIII. 

(U)    The  following  formula was  used   to calculate  the theoretical 
density. 

D    = nM 
AV 
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Density 

Number of moles per unit ceix 

Molecular weight 

Avogadro's number 

Volume of unit cell   (A2c /3/2 
for hexagonal  system) 

A density of 1.477 was measured for the macrocrystalline sample 
compared  to  1.4768 g./cc. calculated using the above  formula and 
measured  unit cell dimensions givm in Table VIII. 

Table VII 

(u)    Summar y of Density Measurements  of Pilot  Plant Sarapl es 

Sample Numb er Wt. ^ Mg 

None 

Measi ired  Density,   g./cc. 

02025A 1.477 

04055A None 1.473 
QX 018 0.41 1.468 

01286 0.48 1.468 

QX 019 0.51 1.471 

01206 O.63 1.455 
01216 O.67 1,469 
01316 0.81 1.472 

05106 1.26 1.463 
05066 1.62 1.460 

05195A 1.70 1.462 

05136 1.71 

Table Vlll 

1.458 

(u) Comparison of Iheorotical and Measured Densities 

Cell Dimensions,  i 
a                    c 

Density, g./cc. 
Theoretical 

Ifydrlde Type 
Substitu- 
tlonal 

Inter- 
stitial    Normal 

1.4768 

Measured 

Macrocrystal- 
line 

4.4495 i 
0.005 

11.8057 ± 
0.0024 

1.477 

Magnesium- 
doped (1,62^ 
Mg) 

4.4609 ± 
0.005 

11.8428 ± 
0.0016 

1.46l7a 
1.46or 

1.4884 
1.4904a 

1.460 

Corrected for valence. 
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(C)  The theoretical density of the solid solution formed by 
the addition of magnesium was calculated assuming: 

(i) The magnesium is substituting at random for an 
aluminum atom in the crystal lattice forming a 
substitutional solid solution. 

(ii) The magnesium is accommodated in the inter- 
stices between the aluminum atoms forming an 
interstitial solid solution. 

(C) Because no information is available to indicate mainte- 
nance of crystal neutrality when doping the crystal with magnesium, 
the densities were calculated by two different methods: 

(i)  Ignoring crystal neutrality, and 

(ii) Correcting the hydrogen value for the amount 
of magnesium present. 

The differences in density resulting from the valency correction 
are small as shown in Table VIII. 

(c) A comparison of the measured value 
the calculated densities acnuming substitut 
g./cc) or interstitial 11.4884 and 1.4904 g 
ment indicates the magnesium-doped lattice 
tional solid solution phase. Excellent agr 
between density and magnesium concentration 
The density of samples prepared by differen 
was also determined. Table IX summarizes t 
lated density values for several lots. The 
containing magnesium was calculated on the 
magnesium is forming a substitutional solid 
agreement between measured and calculated d 
the magnesium is entering the lattice subst 
of the processing technique used to prepare 
fore, other factors must be responsible for 
in thermal stability noted in Section A.l.b 

b.  Process Effects  (U) 

(C) The incorporation of magnesium into the crystal lattice 
of A1H3-1451 has been shown to significantly reduce the rate of 
decomposition.  However, recent data indicate that the role mag- 
nesium plays in the stabilization of the hydride is much more com- 
plex than originally thought. 

(c)  It is now known, as a result of process studies, that 
incorporation of magnesium, per se, is n?t sufficient to guarantee 
stabilization of the hydride. The effect of process changes on 
stability is discussed in detail in Section A.l.b. These studies 

(1.460 g./cc.) with 
ion (1.4617 and 1.4607 
./cc.) magnesium place- 
represents a substitu- 
eement was obtained 
as shown in Figure 14. 

t processing techniques 
he measured and calcu- 
density of the samples 
assumption that the 
solution.  The good 

ensity values does show 
itutionally, regardless 
the material. There- 
the observed differences 
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have shovm   ehe macropropertlea,   such as  lattice  expansion, mag- 
nesium concentration,   particle  size,  chloride content,   etc.,   are 
not sufficient  to  predict  stabilization. 

Table  IX 

(U)     Effec t of Preparative Method on Magnesium Incorpc jration 

Preparative 
Method 'S Mg 

None 

Dens ity 
Sample No. Meas . 

1.473 

Calcd. 

1.4758 

Diff. 

04035A Pilot  Plant 0.0028 

05106 Pilot  Plant 1.26 1.463 1.4629 0.0001 

05136 Pilot  Plant 1.71 1.458 1.4611 0.0031 

05195A Pilot  Plant 1.70 1.462 1.4637 0.0017 

9974-19B Lab  Batch None 1.442 1.4766 0.0346 

9974-19C Lab Continuous i'Jone 1.466 I.4767 0.0107 

9569-16-1 Lab Batch 1.92 1.461 1.4577 0.0033 

655-I66AB Mini-plant 
Continuous 

1.83 1.456 1.4610 0.0050 

(c)     It  has  been  shown by many different techniques  that  the 
a°compo3ition of the   hydride occurs predominantly at the  surface. 
The   lengthening of the   induction period  or stabilization caused   by 
the   incorporation  of  magnesium  should,   therefore,   be considered   in 
terms  of changes  whlcn occur at  the  surface of  the  hydride due 
to the   incorporation of magnesium.     It  is  known  from structure 
studies  of A1H3-1451  that different crystal planes   (faces)  will 
possess  different  populations of aluminum and  hydrogen atoms  at 
the surface.     It may  be possible  that magnesium  incorporation must 
be accompanied  by certain crystal   faces   in order to cause  stabili- 
zation of tha  hydride. 

(C)     Assuming  this   hypothesis   is correct,   a change  in prepara- 
tive process could  easily change  the morphology of the AIH3-I45I 
crystals.     Hence,   stabilization is not observed   in the  laboratory 
continuous crystallization process,   even though magnesium  is   in- 
corporated,   because  the crystal  faces  represent different planes 
of atoms, 

(C)     Depending  upon which crystal  face  is present,   surface 
terminal  hydrogens may   be  exposed,   and,   when  lost,   contribute to 
the   initiation of decomposition.     Incorporation  of magnesium, 
since   it could  participate  in only a maximum of  four three-centered 
bonds,  could  very easily prevent  exposing these  terminal  hydrogens 
at  the surface.    This  viewpoint would  then aid   in explaining the 
beneficial effect of adding magnesium substitutionally to the 
hydride  lattice. 
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(C)    The   "aging" phenomenon associated with magnesium-doped 
hydride as discussed   in  Section B.2.b.   also appears  to be related 
to  surface conditions.     All of these  studies  have generated  data 
which strongly suggest  that magnesium stabilization,   although 
primarily an  intramolecular change,   should  be considered  a  surface 
phenomenon. 

3.     Stabilization of  Aluminum Hydride-l^l  by Surface Treatment 
with Diphenylacetylene   (DPA)     (c"] 

(c)     A number of compounds containing phenyl groups were 
screened  to establish their effectiveness as  stabilizers  for AIH3- 
1451;   of  these,   diphenylacetylene   (DPA)  was   found   to  be  the mcst 
effective. 

a.     Initial Studies  of DPA Treatment     (U) 

(C)     Work during  the  first part of the  year consisted of  treating 
AIH3-I45I samples with DPA and  determining their Increase  in thermal 
stability by the Taliani method .    The   favorable  results  obtained 
from these  experiments   led   to a  thorough investigation of process 
parameters  to  find  conditions which produced maximum stability. 

m 

(C)     The first  samp 
A1H3-1451 and DPA,     Am 
quired   115 days  at 60oC 
days  for the reference 
Improvement  in thermal 
10GoC.  decomposed  only 
the next 85 days.     The 
remained was confirmed 
Indicated   the DPA was  a 
means  of treatment were 

les  tested  were a  50-50 w 
agnesium-doped   hydride  sa 
.   to  reach 1% decompositl 
under  the  same conditions 
stability was  attained. 
10^   in the   first 25 days 
presence of A1H3-11*51   in 
by X-ray analysis.    These 
n effective stabilizer,   a 
explored, 

t. % mixture of 
mple   (1.65%)   re- 
on,   compared  to  29 
;   thus,   a  3.5-fold 
The same sample  at 
and only 2.2^  in 
the  sample which 
results clearly 

nd more practical 

(U)     Refinements   in the procedure  included  the  use of a  pres- 
sure  transducer  instead  of a r^rcury manometer,   thereby eliminating 
any detrimental effect due to mercury,   and  the  use of a  wash treat- 
ment  technique which produced  uniform  low concentrations of DPA  on 
the surface of the  hydride crystals. 

(C)    The treatment of magnesium-doped  A1H3-1451 with DPA was 
more effective than when applied  to  conventional   AIH3-I45I,   and 
even greater increases   in stability resulted  from DPA  treatment of 
the  sample p^lor to  recovery and  drying.    This   latter technique   is 
referred  to   in the  remainder of  the  report as   in  situ treatment. 

(C)     Figure  15  shows  the  increase   in stability realized  by 
the   in  situ DPA treatment of typical conventional and magnesium- 
doped   hydride  samples  made  by the  batch process.     The conventional 
samples  show approximately a  twofold   improvement while the magnesium- 
doped   hydride  shows   a  fourfold   Increase  in the   time required  to 
reach 1^ decomposition at 6o0C .    The  elemental analysis of these 
two  samples   is given   in Table X. 
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Table  X 

(C)     Elemental  Analysis  of DPA-Treated 
Aluminum  Hydride-lJ451 

% Composition 
Element Normal Mg--DopF~r 

c 2.9 1.3 
H 10.0 9.9 
Al 86.2 85.8 
Mg -- 1.7 
Cl 0.3 0.5 
Li 0.2 0.5 

b.     Process  Parameters  Influencing Stabilization of Aluminum 
Hydrlde-1451   by DPA     [c") 

(C)    The   initial  work proved conclusively that when  batch alu- 
minum  hydride-lit51 was  surface  treated with diphenylacetylene   (DPA) 
its  thermal  stability was greatly  improved.     The next phase of the 
work consisted of defining  limits and  developing methods and  tech- 
niques  for acquiring maximum stabilization of the  hydride with DPA. 

(1)    Coating TechnJques     (U) 

(C)     Experiments  with different concentrations  of DPA  in 
the  benzene wash solution showed  that no appreciable  increase   in 
the  thermal  stability of standard  AlHa-l^Sl was obtained  with 50 
mg.  of DPA/250 ml    of  benzene.     When the concentration was   in- 
creased  fivefold   to 250 mg,   of DPA/250 ml,   of benzene,   a  signifi- 
cant   improvement  in  thermal  stability resulted,   the  samples  re- 
quiring 8 to 20 days   oefore  reaching  1% decomposition at 60oC, 

(C)     A  study wa 
centration of DPA necess 
pies  of normal and magne 
k.kj,   3.12,   1.78,   and  0 
results,   illustrated   in 
concentration on the sur 
centration of the wash s 
applicable  for control o 
surface.     By  using this 
the physical characteris 
slight change   in color a 
between wt, % carbon and 
shown  in Figure  l6,   Is g 
doped   hydride  lots,   alth 
hydride tends  to remove 

s  also made  to determine the optimum con- 
ary for stabilization of AIH3-I451,     Sam- 
sium-doped  AIH3-I45I  were washed  with 
^5 g.  of DPA/250 ml.  of benzene.    The 
Figure   16,   show the wt. $ carbon or DPA 
face  of  the  hydride  increases  as   the con- 
olution increases.     Hence,   the method   is 
f the concentration of DPA placed on the 
technique   there  is  very little change  in 
tics  of the  hydride except  for perhaps  a 
nd   flow characteristics.    The  relationship 
concentration  of  the DPA wash solution, 

enerally true  for  both normal  and magnesium- 
ough  It   has  been noted  that magnesium-doped 
a   little   less of the DPA  f 1 om solution. 
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'(C) The s 
additional treatmen 
reused . The result 
same wash solutions 
There was a tendenc 
hydride the second 
of the solution had 
during the first wa 
wash solution can b 
to make up for the 
coating technique d 
in treating product 
in Section A.l.c . 

ame wash solutions were also used again without 
t to determine if the wash solution could be 
s obtained from a series of samples using the 
a second time is also shown in Figure 16, 

y to deposit less DPA on the surface of the 
time as would be expected, if the concentration 
decreased as a result of the amount removed 

sh. Therefore, it appears probable that a DPA 
e used several times if additional DPA is added 
amount removed due to the prior wash. The 
escribed above, however, has not been satisfactory 
prepared by the continuous process as discussed 

(C) The relationship betwee 
1% decomposition at 6o0C ., and percent 
This relationship indicates that the 
DPA on the surface of the hydride is 
2.5^. However, the DPA has a definit 
from the surface of the hydride at ac 
suggesting that concentrations much 1 
at ambient temperature. The higher c 
only marginal improvements in stabil! 
of DPA in a wash-treatment solution a 
2.5 g. of DPA/250 ml. of benzene. 

n stability, in days to reach 
DPA is plotted in Figure 17. 

most useful concentration of 
probably between 1.0^ and 
e tendency to sublime away 
celerated test temperatures 
ower than these may suffice 
oncentrations of DPA gave 
ty. The optimum concentration 
ppears to be one containing 

(C) The same lot of magnesium-doped material was surface 
hydrolyzed 0.1$ prior to DPA treatment.  As illustrated in Figure 
17, the hydrolyzed magnesium-doped sample did not respond to DPA 
treatment nearly as well as the original magnesium-doped lot. Much 
larger concentrations of DPA were necessary to obtain the same 
degree of stabilization.  Therefore, it appears that the condition 
of the hydride surface is important prior to DPA treatment.  Data 
also obtained from a magnesium-doped AIH3-I451 sample (1.75$ Mg), 
which was washed with a solution of 2 g. of DPA/250 ml. of benzene 
immediately after preparation and before drying, produced a very 
stable sample, requiring 51 days to reach 1$ decomposition at 60oC.J 
as shown in Figure 15.  Additional experiments with the in situ 
technique confirmed the above results (Figure 18). The magnesium- 
doped hydride usually exhibited a reproducible fourfold increase 
in stability over the untreated material and demonstrated excellent 
stability in propellant formulations (see Section E)•  In contrast, 
samples treated after recovery and drying generally showed only a 
twofold improvement in thermal stability, and essentially no im- 
provement in propellant formulations (see Section 3). 

(C) These data suggest that optimum stabilization is 
probably obtained from DPA treatment of the hydride prior to re- 
covery and drying from the crystallizing solution. This seems 
logical since an aluminum o^ide coating on the surface of the 
hydride could act as a barrier between the surface, where decom- 
position Initiates, and the DPA stabilizer. 
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(C)     Pig.   17   - Relationship  between Stabilization and  Weight 
Percent DPA  for Magnesium-Doped  and   Surface Hydrolyzed 
Magnesium-Doped  Aluminum Hydride-1451 after Preparation 
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(C)     An evaluation of the  same sample at  100oC.,   however, 
exhibited very  little  improvement  in thermal  stability.    This  sug- 
gests  that either  larger quantities of DPA are  necessary to sta- 
bilize    the material  at higher  temperatures  or the small amounts 
of DPA present  quickly sublime or vaporize  away from the  surface 
of the hydride  resulting  in  loss  of stabilization. 

(C)     The  DPA  treatment of two standard  AIH3-1451  samples 
at 250C.  and  80oC ,  did not result  in any difference  in thermal 
stability,   and   from this experiment  it was concluded  that  treat- 
ment  temperature was not an  important  factor. 

(2)     Loss  of DPA by Sublimation     (U) 

(C)     Examination of eight different   lots of hydride  has 
confirmed original observations  suggesting  that  1-2  wt. % DPA  is 
necessary for the  stabilization of AIH3-I451.     However,  observa- 
tion of samples  on test has  shown that  the  DPA  often sublimes 
away  from the  surface of the  hydride,  condensing on the cooler 
parts  of the  accelerated  test apparatus.     DPA melts  at 570C.   to 
65.50C.,   depending upon purity,   and can  have  an appreciable   vapor 
pressure at 60oC .     At  lower temperatures  this   is not expected   to 
be a problem. 

(C)     The  resubllmed crystals mentioned  above have been 
identified  as  DPA  by X-ray diffraction analysis.    The effectiveness 
of DPA cannot  be  definitely established   because  the  elevated  tem- 
peratures  used   for  accelerated  testing of the   thermal stability 
of AIH3-I45I are  also  sufficient  to sublime  the  stabilizer away 
from the  hydride  surface.    Hence,   further investigation of this 
problem appeared  necessary.    The decomposition rates measured   Dy 
a pressure  transducer from DPA-treated   samples  at 60oC.   under 
vacuum are greater than those obtained   under an atmosphere of 
nitrogen as  shown  in Figure  19.     These differences  in decomposi- 
tion rates  are attributed  to  the differences   in rate of DPA  sub- 
limation away from the hydride  surface.     Elemental analysis  of 
DPA-treated  AlHa-l^l,   before  and  after testing,   has also   indi- 
cated  an appreciable reduction  in carbon content during testing. 
Twenty-seven samples of A1H3-1451,   which possessed  a carbon concen- 
tration before  testing ranging from 0.5-2.4^,   were found  to con- 
tain an average content of 0.5^ with a  standard  deviation of 0.12^ 
after testing.     A  slight correlation seems  to  exist between the 
amount of DPA  initially present and  the  amount  present after 
testing,   as  the  samples with higher  initial carbon values, as  a 
rule, gave higher  final carbon  values. 

(C)    Laboratory samples   in situ treated with DPA and 
evaluated  at 60oC .   reached   1$ decomposition  in approximately 50- 
60 days.     If a  50-50 wt. % mixture of A1H3-1451 and  DPA  is  used, 
the  hydride will  require more  than 100 days   to  reach 1$ decomposi- 
tion.     This  suggests  that  if,the DPA did  not  sublime away from 
the   surface of  the hydride during accelerated  testing at 60oC., 
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greater stabilities  would  perhaps  be observed   from the  samples 
with a maximum possible stability being near 100 days.     Hence, 
the  fugacity  of  DPA  may  be  the controlling  factor   in  the  stabili- 
zation of AIH3-1451  at  elevated   temperatures. 

(3)     Attempts   to   Reduce  Sublimation  Rate     (U) 

(a)     Reduction  in Test  Temperature     (U) 

(U) There is often a marked difference in sublimation 
rate as a material changes state from liquid to solid. On this 
basis, it was decided to evaluate DPA-treated hydride at a tem- 
perature   below  its  melting point of  570-63.50C. 

(C)    To determine  if the  effectiveness  of the DPA-treated 
material   increased  as   th^   temperature decreased,   two  other hydride 
lots were  evaluated   for comparison purposes.     They were a normal 
macrocrystalline sample   (02025A),   and  an   "aged" magnesium-doped 
sample   (8262-1031-15).    The temperature of 50oC.   was  chosen  in an 
effort  to obtain data   as  quickly as  possible. 

(C)     Figure  20  shows the decomposition  rate measured at 
6o0C.   for the  three different  lots.    The  in situ DPA-treated pilot 
plant  sample exhibited   a  stability  intermediate   between  the normal 
macrocrystalline  and   the   "aged" magnesium-doped  material.    The 
results  obtained   from evaluation of these  three   lots  of hydride 
at  5ö0C.   are depicted   in Figure 21.     The  relative  stability of  the 
three  samples  did not change.    Hence,   it   is concluded  that a  reduc- 
tion of  10oC.   In test   temperature  to  below the melting point of 
DPA did  not   increase   the  effectiveness  of the  DPA. 

(b)     Pelletized  DPA-Treated Material     (U) 

(C)     Another attempt at reducing the  rate  of sublimation 
of the DPA was   by pelletlzing the AIH3-I451.    The  DPA-treated  hy- 
dride was  pelletized   using 0.1% DPA  as   binder and  an  infrared   lamp 
to melt  the DPA.     Evaluation of the   1/4" pellets   indicated  only a 
6  to 7 day increase  in  stability at 60oC.  compared  to the standard 
(19 days  to   1% decomposition).    This  increase could   be accounted 
for by the   increased  concentration of DPA present.     Extremely 
large platelets  of DPA crystal.-; were  still observed  to form on the 
cooler parts  of  the  apparatus  indicating sublimation  was  still 
occurring at a  substantial  rate, 

4.     Mechanism of DPA  Stabilization     (U) 

(C)     Having conclusively shown  that DPA  stabilizes  AIH3-I451 
particularly by the _ln  situ treatment  of the  hydride,   it was neces- 
sary to   investigate   the  mechanism of stabilization.     Experiments 
were therefore designed  to determine   if the  improvement  in sta- 
bility was due  to a chemical reaction,  chemical adsorption,  and/or 
physical adsorption. 
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(C)  The most likely reaction to occur would be the addi- 
tion of aluminum hydride across the triple bond of DPA.  This could 
proceed in a stepwise manner until all the hydrogens are reacted 
as shown in the following equation: 

3 ®-CsC-@  + AIH3 -> Al 

0 H 

(C) The reactivity of aluminum hydride with 
acetylene in solution was examined to determine if thi 
takes place. If no reaction occurred betweeen the two 
it would be very strong evidence that the DPA would no 
the less reactive form of aluminum hydride, AIH3-I451. 
reaction was observed when two millimoles of AIH3 were 
six millimoles of DPA in 75 ml. of dlethyl ether. Aft 
the solvent at a reduced pressure, X-ray analysis of t 
solid shewed only DPA to be present. The solid showed 
activity with water, indicating the presence of unreac 
hydride. It was concluded from the above results that 
product consisted of a mixture of DPA and aluminum hyd 
that no reaction had occurred. This result is support 
work of Smith et al. (6), who found no evidence for th 
of the triple bond in hexyne-1 by lithium aluminum hyd 
temperatures. These data do not rule out the possibil 
reaction during decomposition, where extremely reactlv 
may be generated, but do show that the stabilization 1 
suit of an  initial reaction between the  two materials 

dlphenyl- 
s reaction 
solutions, 

t  react with 
No visible 

added   to 
er  removing 
he  remaining 
hydride 

ted  aluminum 
the solid 

ride,   and 
ed   by the 
e reduction 
ride at room 
ity of a 
e radicals 
3  not a re- 

(C)     The possibility that stabilization of A1H3-1451 occurs 
by either chem-adsorption and/or by the deposition of  a  thin layer 
of DPA  in intimate contact    with the AlHs-T^l crystals  was  studied. 
Ten grams of  Lot No,   QX 020 magnesium-doped   A1H3-1451,   obtained from 
the Dow Pilot  Plant,   was  washed  with a  solution containing 5 g.  of 
DPA   in 250 ml.   of benzene.     After drying,   a  portion of the  sample 
was  analyzed   for carbon content  to determine  the amount of DPA re- 
maining on the  A1H3-Ii*51  and   was  examined  at 60oC.  on the Tallanl 
to determine   its  stability. 

(C)     The  remainder of the DPA-treated  A1H3-1451 was washed 
with 100 ml.   of  fresh benzene  to determine  the  quantity of DPA re- 
moved  by a  single solvent wash.    The  same analyses as  for the original 
DPA-treated  hydride  were carried out;   in addition the  benzene wash 
was  analyzed   for DPA by means  of gas-liquid  chromatography.    This 
procedure was  repeated  four  times  with the   re:    its   shown  in Table 
XI. 
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Table  XI 

(C)     Effect of Solvent Wash on Stability and  DPA Concen tration 
of DPA-Treated   Al uminum Hydride- -1451   (Lot  QX -020) 

Sample % C 

<0.1 

$ H 

10.02 

$  DPA  on 
Sample   (Based 

on ^ C) 
$ DPA   (Ben- 
zene  Wash) 

Dec 
to 

T 

omp.  Days 
\%   (60oC. 
aliani) 

QX-020 0 14 

DPA-Treated 
QX-020 1.74 9.99 1.84   24 

Wash  1 0.28 9.94 0.3 0.114 13 

Wash 2 0,29 10.01 0.3 0.005 13 

Wash 3 0.30 9-98 0.3 0.0005 14 

Wash 4 0.16 9.92 0.2 <0.0005 14 

Wash 5 0.20 9-90 0.2 <0.0005 13 

(C)    The data  indicate  the  after-treatment with DPA 
doubles   the stability of the  A1H3-1451,   but show that 85^ or more 
of the  DPA deposited  by the  treatment can be  removed  by a   single 
fresh  solvent wash.     Practically no  further change resulted  from 
additional washing as  shown by a constant carbon content   (within 
experimental error),   low DPA content   in the  benzene washes,   and  a 
constant  stability equal  to that  obtained  before DPA treatment. 

(C)    Since  the  in situ  treatment of AIH3-I451 with DPA 
resulted  in  increased  stability,   a  Dow Pilot  Plant magr.esium-doped, 
in  situ DPA-treated  AIH3-I451  sample   (Lot 04126)   was  also  examined. 
Its  stability,   however,  was   less  than expected   for unknown reasons, 
since   it required  approximately the  same time  to  reach  1^ decom- 
position as material which was DPA-treated  after drying.     The 
sample was,  as  before,   treated  with a single  fresh benzene  wash, 
and   its carbon and   hydrogen content  and  stability at 60oC .  deter- 
mined .     The same effect was  found  as with the  previous  sample 
(Lot   QX-020)  which was not  in situ treated.     The DPA content  de- 
creased  from  I.445S to 0,2^ and  the  stability was   lowered   from 22 
days   to  11 days.     A  laboratory sample,   however,   containing no 
magnesium,   but in situ treated  with 1.73^ DPA,   required 20 days  to 
reach  1$ at 6o0C.   by  the Taliani test.    This  sample,   after  a  single 
fresh benzene wash,   contained  C.85^ DPA and   its   stability decreased 
to  only  12 days,   which  is much better than the  3-6 days  expected 
for the  same untreated  hydride. 

(C)     In  summary,   the  experimental  evidence strongly sug- 
gests that no reaction occurs  between the AIH3-145I and  the DPA on 
the  hydride surface  for the  following reasons: 

'Is 
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(i)    DPA does  not  react chemically with aliuninui 
hydride  in solution. 

(ii)     A single  fresn solvent wash greatly reduces 
the  DPA  content  of  the   AIH3-I451  and   'ts 
stability. 

(iii)     Stabilization   is  a   function of DPA  .    .tent 
on the   surface  far  in excess of  that neces- 
sary for a  few monomclecular layers. 

(iv)     The  DPA  readily  sublimes  from the  hydride 
surface at elevated   test  temperatures. 

(C) 
treatment of 
recovery and 
intimate con 
sary to obta 
not give an 
adsorption c 
certain inst 
pounds (7,8) 
previously d 
or weak Lewi 
couple  is   fo 

Experimental  results  demonstrating that  the   in  situ 
the   hydride witn DPA  is much better than treating after 
drying strongly   Imply chem-adsorption and   :hat  a very 

tact  between  the DPA  and  the hydride  surface   is  neces- 
in maximum stabilization.     Physical  adsorption would 
electronic couple  which appears  desirable.     A chem- 
ouple would   be weak  in nature.     It  is  known that   in 
ances  hydrogen  bonding can occur with unsaturated com- 
.    Considering  the   structural aspects  of A1H3-1451 as 
iscussed   (B.l.b.),   the concept  of weak hydrogen  bonding 
s  acid-base  reaction could  explain  how an electronic 
rmed  between DPA  and   AlHa-l^l. 

(C)    The  sawtootn surface  tnat probably exists  in AIH3- 
1^51 gives  rise to  a  rather unique  situation.     The shape of the 
elertron density plot   in the  bonding of a H-Al-H  linkage   in the 
body of the crystal would  have a   high degree of symmetry around 
the   Al atom.     In the case of  the H-Al-H linkage at the  surface 
this   is probably not  true.    The  electron density plot of the H-Al-H 
linkage  in the crystal,   though not completely  linear,   resembles  the 
following: 

H Al 

The  non-linear or surface H-Al-H  linkage differs  as  shown; 

+ 
H H H 

Al"^       ^Al*^ 

This  dissymmetry  in  the electron clouds would  give rise to  an ef- 
fective region acting as  a very small negative charge   in the   in- 
terior.    A  region acting  like  a  positive charge on the  hydrogen 
could   be attracted  to  tne  unsaturated   linkage   in the DPA   (-CsC-) 
and   form a weak adduct.     This  adduct  is weakly  bonded  because  the 
effective positive charge on the  hydrogen would  have only a   very 
weak electrostatic   attraction  for  the effective negative charge 
of  the delocalized  bond   in DPA. 

-77 • 

CONFIDENTIAL 



zsn 

(C)     An electronic  coupling could   also be formed   between DPA 
and the A1H3-1451 by means of the  aluminum atoms on the  surface 
acting as   Lewis acids.     Since  the   triple  bond   in DPA can act as  a 
Lewis  base   (7,8),  a weak adduct could   be formed  between  the empty 
orbital  of  the aluminum and  the  electron-rich orbital  of the de- 
localized   bonds   in DPA. 

(C)     Either or both of these two  situations could  provide elec- 
tronic  couples which act   like  bridges   for electrons  to   be  accepted 
or donated   by the  AIH3-I451.    This  mechanism provides   for an  ex- 
cess  electron density to  be  absorbed   by the  electronically delo- 
calized   structure of the  DPA or for the DPA to  transfer electron 
density  to  the AIH3-I451  if necessary.     This will  inhibit the ex- 
cessive  build-up of electron density at  any one point  in the  AIH3- 
1451 crystal and,  at  the  same time,   the  lack of symmetry of the 
electron distribution of the  H-Al-H  linkages on the  surface will 
be  less  and  the hydrogens will not  be  so far removed  from their 
normal equilibrium positions. 

5.    New Stabilizers     (u) 

(U)     A  screening program of acetylenic  derivatives  and compounds 
containing one or more phenyl groups  was  re-initiated   in anticipa- 
tion of finding a compound which will  be tuore effective than di- 
phenylacetylene,   and  also possess  a  higher melting point and  a 
lower  vapor pressure. 

(C)    The compounds  screened  as possible  stabilizers  are  listed 
in Table  XII and   their effect on AIH3-1451 decomposition curves   is 
illustrated   in Figures 22 and 23.     Most of the compounds demonstrated 
a degree of activity;   however,   none  exhibited  the stabilizing  effect 
or lengthening of the  induction period comparable to  that of DPA. 
Triphenylsilanol was  also  used  as  a  stabilizing agent,   but Talianl 
results  at 6o0C.   indicated   it was  less   effective than DPA. 

(U)     Figure 23 illustrates   the  results obtained   from an., initial 
study of various acetylenic   derivatives.     All were  similar  in  struc- 
ture as  they possessed a CH2 group adjacent  to  the acetylenic   bond; 
however,   the compounds differed   in the number of triple  bonds avail- 
able . 

6.     Aging Studies  of Magnesium-Doped  Aluminum Hydride-1431     (c) 

(C)     It  was discovered  from surveillance  studies  of neat  alu- 
minum hydride samples  stored  under an  inert atmosphere,   that  large 
improvements   in stability occurred  with storage.     This   "aging" 
phenomenon was  later found   to be particularly characteristic  of 
all magnesium-doped  hydride.     Because  of the more  than sevenfold 
improvement   in thermal stability as  a  result of   "aging",   efforts 
were made  to  understand  and characterize  this phenomenon.     It was 
expected   that  this  would   lead  to  further   Improvements   in aluminum 
hydride  stability. 
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Table XII 

(C)     New ComppLinds  Screened  as   Potential Stabilizers 
of Almnlnam Hydrlde-l^I 

Name 

2(2-Propynyloyy)napthalene 

2,4-Dichlorophenylpropargyl ether 

p-bls(2-Propynyloxy)benzene 

l,2,5-trl3(2-Propynyloxy)benzene 

l,2-bl3(2-Pyridyl)ethylene 

Structure 

^X^v.-o-CHa-CsCH 

,0-CH2-CsCH 
^   rrC1 

Cl 

CHHC-CHS-O-«^   ^O-CHa-C^CH 

O-CHs-CsCH 

ÖO-CH2-CSCH 

O-CH2-CHCH    . 

0^<3 
NHj 

2-Amlno-5-chlorobenzophenone 

h-Nltrobenzophenone 

4-Aminobenzophenone 

Benzophenone 

0 

Ok // 
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(C)     Pig.   23   - Evaluation of Substituted   Acetylenic 
Derivatives   as  Aluminum Hydride-l^l  Stabilizers 
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a.    Effect of Storage Time at   -150C.     (Q) 

(C)     A number of magnesium-doped   laboratory  samples  of AIH3- 
1451 which had  been  under surveillance at   -150C.   for over a year 
showed  significant   improvement  in thermal  stability;   the completed 
data are presented   in Table XIII.     Several  lots  required  nearly 
100 days  before  reaching  1% decomposition at 6o0C.,   representing 
approximately a  sevenfold   improvement  in stability.     There  is  no 
indication that the  samples attained   their maximum stability;   how- 
ever,   the degree of   improvement  for sample  5853-1^6  was much greater 
for the  first 4-6 months   than  it was during the   last  six months. 
One sample,   8262-19,   which had  the  best  stability prior to storing, 
exhibited  a  phenomenal   improvement,   requiring approximately  170 
days  to reach 1% decomposition at 60oC .   as  shown   in Figure 24.  The 
results  from this   sample   indicate  that even better stabilities can 
probably be realized.     Figure 25 summarizes  the  progressive  improve- 
ment in thermal stability that  has  been achieved  by a combination 
of magnesium  incorporation,   surface  treatment  with DPA,   and   "aging". 

Table XIII 

(C)    Effect of Sto rage  Time at   - 150C.   on Uuminum Hydride- 1451 

Sample 
<6 MR 

Days  to Reach ¥ Decomposition at 60oC. 
Number Original        4 -6 Months 9-12  Months 18 Months 

5853-131 1.64 13.5 22.5 27.0 -- 

5853-142 1.72 12 .9 42.0 91.0 -- 

5853-141 1.53 6.8 26.0 46.0 _.. 

5853-146 2.07 12.8 70.0 93.0 135.0 

5853-150 2.3 14.5 29.5 107.0 128.0 

8262-19 2.1 22.6 -- 170 0.81  in 
156 days 

8262-48 1.0 14 ,0 -- 82.0 0.88  in 
156 days 

(C)    To  further confirm the accuracy of the  decomposition rates 
being measured  from  these   "aged" samples,   Sample No,   5853-150 was 
re-examined and   its  decomposition curve determined   by a  pressure 
transducer apparatus.     A comparison between  the  decomposition rate 
measured   by the  standard  Taliani apparatus  versus  the transducer 
apparatus   is   illustrated   in Figure 26.     The measured  decomposition 
rates  by the  two different methods  were  essentially the  same except 
for small differences  during  the early stages  of decomposition. This 
information,   obtained   from duplicate  samples  which are known to be 
uncontaminated  with mercury,   is reassuring. 
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b.     Effect of Masneslum Concentration on   "Aging;"     (U) 

(C)     In an attempt  to determine  the effect of magnesium concen- 
tration  In the  hydride   lattice  on   "aging",   several older samples 
of  hydride which had   been  stored   for approximately 2  years  at   -150C, 
were  re-evaluated   to determine  their current  stability.     A  summary 
of  the  results  is   shown  in Table  XIV. 

Table XIV 

(c) Effect of Magnesium Concentration on Sta bility 
of Alun linum Hydride- -1451 Stored  at -I5uc . 

Sample No. # Mg 

Days to  Reach  1^ 
Decomposition at 6o0C . 
Original         1-2  Years Days Improvement 

8262-89 0.3 8.5 10.5 2.0 

8583-116 0.4 4.8 10.C 5.2 

5853-8la 0.6 3.0 9-5 6.5 
5853-82 0.7 11.0 35.5 24.5 

5853-83 0.8 13.5 26.0 12.5 

5853-79 0.9 15.0 20.0 5.0 

8262-48 1.0 14.0 32.0 68 

5R53-i4lb 
1.5 6.8 46.0 39.2 

5853-131 1.6 13.5 27.0 13.5 
5853-142 1.7 12,9 91 78.1 

5853-146 2.1 12.8 93.Ü ■%2 

8262-19 2.1 22.6 170 14 7 

5853-150 2.3 14.5 107 92.5 

Very poor bulk density. 
bLe3s   than 5% A1H3-1433. 

(U)     A plot of the percent magnesium versus   the number of 
days   improvement  in stability as  a  result of  "aging"  is  shown   in 
Figure 27.    The data   show the  hydride  stability  to   increase  as  the 
magnesium concentration  increases.     As   indicated  by the  apparent 
parabolic-shaped  relationship,  concentrations greater than  1.0^ 
magnesium appear necessary for obtaining  large   improvements   in 
stability. 

c.     Effect of  "Aging" on Unit Cell Dimensions     (U) 

(C)     It was pointed  out  by Dr.   Bock of Edwards  Air Force Base 
(9)   that  the incorporation of magnesium  into the   lattice of AIH3- 
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1451 resulted   In an expanded   unit cell     but  it was  not  known   if 
"aging" also  affected   this  property,     in order to   investigate 
this,   the  unit cell dimensions  of  three  samples containing varying 
amounts  of magnesium were compared   before  and after   "aging".     The 
unit cell  dimensions of each sample  were carefully determined  from 
X-ray patterns  taken on  an  AEG  linear-type focusing camera  with 
aluminum as  a  reference. 

(U)    The  results,   tabulated   in Table XV,   show that within 
experimental  error the  unit cell dimensions remained  unchanged, 
and   from this   it must  be concluded   there   is no correlation or 
relationship  between  improvement  in stability as  a  result of 
"aging",   and  changes  in the  unit cell dimensions  of  the crystal 
lattice. 

d.     Initial  Gassing of   "Aged". Magnesium-Doped Aluminum Hydride-1^51   (c ) 

(C)     Another characteristic  of   "aged" magnesium-doped  samples 
is  a  small  amount of  initial rapid  gassing during testing at 60oC , 
This   initial gassing on the Taliani was  found  to correlate roughly 
with the degree of improvement   in thermal  stability.     The data 
therefore   suggested  that  the gas,   assumed  at first to  be hydrogen, 
was playing a very significant role   in  improving the  thermal   sta- 
bility of aluminum hydride-1451. 

(C)     To  further elucidate  the  effect of initial gassing,   two 
samples  which demonstrated  a definite initial gassing and   increased 
stability after a period  of   "aging" were degassed on  a   high vacuum 
line for approximately two weeks at   ambient temperature.    They were 
then removed  and evaluated  at 6o0C.  on a  Taliani apparatus.     It  was 
extremely  interesting to  find  both the   initial gassing and   "aged" 
stability exhibited by the  samples  had   been removed  by this  treat- 
ment   (Figures  28 and  29).     The  thermal stability of the  hydride   in 
the case of Sample 5855-8j5f   was  reduced completely to  the  rate   it 
originally possessed   immediately following preparation.     Sample 
5855-82  also   lost most  of  its  stabilization during degassing. 
These results  suggested   that  the gas which was evolved  was  responsi- 
ble for  the   increase  in stability gained  during storage and  that 
it would  be necessary to  identify the  evolved gas,   and   to deter- 
mine,   if possible,   the mechanism responsible for the   improvement 
in stability.     Once a  better understanding of this   is  obtained,   it 
should   lead   to better control  of  the decomposition kinetics  of 
aluminum hydride. 

(U)    The composition of the   initial gas was  quantitatively 
determined   by mass  spectrometry.     The gas  analysis  from  two   "aged" 
AlHa-l^Sl  samples   is  shown  in Table XVI.     Both samples  were  heated 
for a   period  of time before  the evolved  gas was released   into the 
mass  spectrometer. 

(C)     Analysis  of sample 8262-10311  after heating  for 20 minutes 
at 8C0C.   showed 8l% water and   15.7% hydrogen.    The  sample was   then 
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closed  off from the mass  spectrometer and  again reheated  for an 
additional 20 minutes  at 80oC.     Analysis  of  the gas  this  time 
indicated  88^ water and 8.5^ hydrogen.     In addition to water and 
hydrogen,   trace  amounts  of CeHe,   (CaHs^O,   CO2,   and  N2  or CO  were 
also observed. 

Table XVI 

(U)     Analysis  of  Initial Gas  Evolved   from   "Aged" Hydride 

Sample Number 

8262-103II 
a) 20 minutes at 80oC. 

b) Additional 20 minutes  at 80oC. 

5853-1^6 

a) 20 minutes at 80oC.b 

b) Additional 20 minutes at 80oC. 

Gas   Analysis,  mole % 
H20 H2 

81 15.7 
88 8.5 

72.6 21.2 

78.1 21,9 

3Trace  amounts of CeHa,   (CaHs^O,   N2  or CO, 

Observed  5.6 mole % CO2. 

(u)     Analysis  of a  second  sample   (5853-1^6)   showed  5.6 mole % 
CO2  in addition to   large amounts  of water and   hydrogen as  shown 
In Table XVII.     It   is   interesting  to  note that  this  sample  is 
extremely stable,   requiring nearly  100 days  to  reach 1% decomposi- 
tion at 60oC.     The significance of the  observed  C02   is  unknown 
but should  be examined   in future  studies. 

Table XVII 

(U)     Effect of Temperature on   "Aging"3 

Stability,  days  to   1% decomposition at 6o0C . 
Sample No. 

8262-1031 

8262-103II 

Original        Ambient         -150C.         Removed  Ambient^ 

9.5                 23.6             31                              28 

13.2                 17.0             25.5                          26 

Samples   stored  ten months. 

Removed   from   -150C.   storage six months previous  to above test. 
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(u)  It is now concluded that the Initial gas from "aged'' 
samples contains large amounts of water vapor which is playing a 
major role in the "aging" process. 

(C) The "aging" 
than simply treating 
might be inferred . 
doped material with 
product with stabili 
oxygen analyses of s 
temperature show app 
tration (Table XVIII 
the samples stored a 
ambient temperatures 

phenomenon, however, is much more complex 
the magnesium-doped material with moisture as 

Past techniques of surface treating magnesium- 
water after preparation have never produced a 
ty comparable to "aged" material.  In addition, 
amples during storage at -150C. and ambient 
roximately the same increase in oxygen concen- 
), but the increase in thermal stability of 
t -150C. is much greater than those stored at 

(Table XVII). 

Table XVIII 

Sample No. 

8262-103I£ 

8262-105II 

(U)  Oxygen Analysis of Stored Sample; 

Wt.  % Oxygen 
Storage Temperature       Original       After  1   yr.   Storage 

-150C. 
Ambient 

-150C. 

-0.52^ 

-0.3$ 

1.10 ±  0.09 
0,96  ±  0.09 

0.50 ± 0.G6 
0.46 ± 0.C6 

Composite of samples  prepared   in an atmosphere of 10,00c   ppm   '■; , 

Composite of samples prepared  under anhydrous conditions, 

(C)     On the  basis ..of these observations   it must  be concluded 
that specific  conditions are necessary  if maximum benefit   is  to 
result  from water   treatment of the  hydride.     These conditions must 
depend  on  the   type  of surface  structure  formed  as  a  result  of water 
in combination with magnesium-doped  AIH3-I451,   and must  also   ce 
greatly  influenced  by process parameters. 

e.     Kinetic   Studies  of   "Aged," Magnesium-Doped   Aluminum  Hydride-",'^r 1 

(C) The activation energy for the acceleration period during 
the decomposition of normal A1H3-1451 is approximately 23.0 x I.1; 
kcal./mole  as determined  by the  Prout-Tompkins   equation given  celoi. 

In 
P  -P f  r 

=    kt 

(C)     It has   been previously reported   that  the activation energy 
of magnesium-doped   hydride  varies  widely during  the acceleration 
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period (l).  Preliminary data from only two magnesium-doped samples 
are summarized in Table XIX.  The activation energy for the acceler- 
ation period of the magnesium-doped samples is apparently changing 
with time.  The samples originally had an activation energy of 27.0 
and 28.6 kcal./mole; however, after five and seven months' storage, 
the activation energy had changed to approximately 30.7 kcal./mole. 
Taking the average of the four values after storage (30.7 kcal./ 
mole) and comparing it to the average of the two samples originally, 
(27.8 kcal./mole) a change of 2.9 kcal./mole is measured.  There 
appear to be no significant effects resulting from differences in 
storage temperature. 

Table XIX 

(U)     Effect  of  Time  and  Temperature 
on Activation Energy of Acceleration  Period 

Activation Energy,   kcal./mole 
______        Storage  Temperature5" 

Sample No. Original Ambient -15"C. 

8262-1033II 27.0 32.1 29.9 

8262-1031 28.6 30.1 30.8 

aSample 8262-10311 stored five months; 
&262-103I stored seven months. 

f_. The Effect of Ambient Storage on "Aged" Samples  (U) 

(C)  A sample exhibiting an increase in thermal stability with 
age at -150C. was removed from cold storage and allowed to stand 
at ambient temperature.  The decomposition rate of the sample was 
measured immediately after removal from storage and subsequently 
every 24 hours for 4 days.  The data shown in Table XX indicate 
during the four days' storage at ambient temperature.  The days 
required to reach 1%  decomposition decreased from an estimated 28 
to 18.9 and the initial gassing from 0.19$ to 0.048^ decomposition 
after two days. 

(C)  A decrease in initial gassing with increasing storage time 
at ambient temperature suggests the loss of adsorbed water as dis- 
cussed in Section B.5-d.  In this case, however, the loss of water 
is probably not a result of dehydration but due to diffusion inward 
through the oxide/oxyhydroxide surface where it reacts with alu- 
minum hydride. 

(C)  Apparently it is possible to condense water on the surface 
of the hydride at -150C. without a reaction.  Removal from storage 
at -150C. allows the moisture present to react with the hydride 
causing a decrease in the initial gas and stability observed at 
60oC. 
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Table XX 

(U)  Effect of PretreatinR "Aged" Sample 8262-103II 

Storage Time at 
Ambient Temp., days 

0 

1 

2 

4 

7   (constant  pumping 
under vacuum) 

7   (static   vacuum) 

Initial  Gassing,   % 
Decomposition after 

2  days  at  60oC 

Stability,   days  to 
reach  1^ decomposi- 

tion at 60oC. 

0.19 28 est. 
0.16 27 

0.092 23.8 

0.071 21.7 
0.048 18.9 

0.034 17 
0.064 21 

(C)     These  results  are  puzzling  when compared   to  the  stability 
obtained   from the  same  sample after six months '   storage at ambient 
temperature following removal from cold  storage.     The data  in 
Table XVII  show that  the  sample previously stored  at   -150C ,   retained 
its  increased   stability after storage  at  ambient  temperature.     This 
appears  to  be   in contradiction with  the above data  which show a 
considerable  loss   in  stability after  storage  for four days  at 
ambient  temperature. 

(C)     Table  XX also  summarizes  experiments  which further evalu- 
ate the  original   "pumping" experiment.     Very  little difference  was 
observed   in the   stability and   initial gassing of the  sample stored 
for 4  days  at ambient   temperature compared   to   the  same sample 
stored  7 days  under constant pumping.     Hence,   it  appears  storage 
time and   temperature,   but not  vacuum,   are  the   important  factors. 
Some difference  was  noted  on storage  for 7 days   under constant 
pumping compared  to  static   vacuum conditions   (17  days  vs,  21 days 
to reach  1% decomposition). 

SJ Heat Treatment  of Magnesium-Doped  Aluminum  Hydride-1451     (C) 

(C)     Techniques   for accelerating  the   "aging" of magnesium-doped 
AIH3-I45I  were   investigated.     Previous  results   suggested  that  the 
sample  upon removal from cold  storage  was  undergoing a  heat treat- 
ment when  placed   in the Taliani apparatus  at 6o0C .   for evaluation, 
and  that  this was  responsible  for  its   increased   stability. 

(C)     Preliminary data  obtained  from heat  treating a  sample at 
80t,C.   for a  short  period  of  time  before  evaluation at 6o0C,,   as 
shown   in Figure  30,   demonstrated  only  a   small  amount of  improve- 
ment  in stability.     However,   a 20 minute  heat  treatment at 80oC . 
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did reduce the initial gassing.  Based on the premise that the 
"aging" phenomenon may involve the freezing of moisture on the 
surface of the hydride followed by heat-treating at 60oC. during 
evaluation, an attempt was made to duplicate this process. 

(C) Magnesium-doped A1H3-1^51 was placed in an appropriate 
apparatus and an amount of moisture equivalent to 1%  hydrolysis 
was frozen on the surface of the hydride at -196C'C.  Samples 
were then allowed to warm up to room temperature for twenty-four 
hours before heat-treating at 50% 70°, 60° 50°, and 40oC.  After 
this moisture and heat treatment step, they were evaluated on 
the Taliani apparatus at 60oC. 

(C) This technique "essential 
phenomenon and in a matter of ho 
the same degree as previously at 
storage at -15C'C. It is interes 
shown in Figure 31 that the samp 
and 60oC. exhibited no initial g 
at 50oC. and 40oC. did; a direct 
of initial gassing and stability 
moisture-and heat-treated at 40 
gassing {0.3%) and stability (47 
pared to the reference sample (2 

ly" reproduces the "aging" 
urs stabilizes the hydride to 
tained by four to six months' 
ting to note from the results 
les heat-treated at 80°, 70°, 
assing whereas those heat-treated 
correlation between the amount 
was again observed.  The sample, 
C, exhibited the greatest initial 
days to 1% decomposition) com- 

1 days to 1%  decomposition). 

(C) It was surprising to find IPSS than 10* (including the 
initial gassing at 60°C.) of the gas expected from 1%  hydrolysis 
was evolved.  This suggests that water is held by the oxide film 
formed on the hydride surface, preventing it from coming in contact 
with the hydride. 

(U) Higher temperature and lower heat-treating time, as shown 
in Figure 32, did not prove to be successful.  Samples were heated 
at 100°, 90°, and 80oC. for 3, 4, and 5 hours, respectively.  No 
large change in stability was observed. 

7.  Storage under Hydrogen Pressure  (U) 

(C) Various types of AlHa-l^-Jl were stored under a hydrogen 
pressure of 7500 psi. for a total of 5 months at ambient tempera- 
ture to determine if an increase in thermal stability could be 
achieved by annealing under these conditions.  The samples were 
evaluated after 2 to 5 months' storage.  The data are summarized 
in Table XXI for (i) macrocrystalline, (ii) magnesium-doped, DPA- 
treated, and (iii) magnesium-doped AIH3-I451.  Little, if any, 
change was observed in the thermal stability of macrocrystalline 
and magnesium-doped A1H3-1451.  However, magnesium-doped, DPA- 
treated A1H3-1451 appeared to have increased in thermal stability 
in 2 months from 19 to 32 days and in 5 months from 19 to 22.5 
days before reaching 1%  decomposition at 60oC.  Because additional 
storage produced a decrease in stability of the DPA-treated 
material, this does not appear to be a useful technique for improv- 
ing the thermal stability of A1H3-1451. 
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(C)    Pig.   52   - Effect of Moisture and  Heat Treatment 
at High Temperatures  on  Aluminum Hydride-1451  Stability 
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Table  XXI 

(U)     Effect  of  Storage  under Hydrogen  Pressure 
on the  Stability of Various  Types  of Hydride 

Stability,   days  to  1% decomposition at 6o°C. 
Original 

Hydride Type                      Sample 
Samp 

2_ 
le  stored 
Months 

at 7500 psi H2 
5 Months 

Macrocrystalline                      7.9 7.2 7.1 

Magnesium-doped                      12.4 12.5 12.5 

Magnesium-doped, 
DPA-treated                           19.O 32.5 22.5 

8.    Cycling Decomposition Temper3.1-. .ire      '"') 

(C)    The decomposition rate of AlHa-l^Sl  has  usually been mea- 
sured  under  isothermal conditions.     However,   in  propellant applica- 
tions   the  temperature  of the  hydride may  be  subjected  to a  variation 
in temperature depending upon the  storage conditions.     Therefore,   it 
was  believed desirable  to  examine  the decomposition rate obtained  by 
cycling the  temperature  and compare   it  to  the   Isothermal decomposi- 
tion rates. 

/TT \ mu „      j. ^^„4...^«     ,,«rt     „ ,.« "1 «/4      «».r.rt.T     4-..f^"l,»,^     W^.i-nc      Kö+i.roovt     VO ^ 

and  90 C .    The  same  sample was  then decomposed  at 90°,   80°,   and 70oC. 
under  isothermal conditions  for comparison purposes.     The  resulting 
decomposition curves   are  shown  in Figure 53.     It  was   thought  that 
cycling  the  temperature   between 70oC .  and  90oC.  would  be very 
similar to the decomposition rate one would  achieve at 80oC .  which 
is  the  average of the  two  temperatures. 

(U)    The cyclic  decomposition curve between 70oC .   and 90oC . 
does  roughly approximate   the  isothermal decomposition curve  at 
80oC.     At these elevated  temperatures   the  length of the   induction 
period   is  very sensitive  to change  in temperature.     Hence,   the 
starting temperature   is  very  important  in obtaining  this  type of 
correlation.     It  is   expected that  the starting  temperature would 
be  less critical  at  lower temperatures. 

C.     CHY-STAL STRUCTURE  STUDIES  OF   ALUMINUM  HYDRIDE-1431     (U) 

(U)     Diagrams depicting the unrefined   structure of  aluminum 
deuterlde  have  been  previously discussed  and   shown   (l).     Additional 
refinement of the aluminum deuteride-1451  structure  has   been achieved 
during  the past quarter. 

(U)    The aluminum deuterlde  structure i-£ a   three  unknowns:     a 
position parameter,   a   temperature  paramettr  for D,   and  a   temperature 
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(C)     Flg.   33   -  Effect  of  Cyclic  Temperature 
on Decomposition Rate of Aluminum Hydrlde-l^l 
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parameter  for Al.     Estimated values of 2.0 for  the Al   temperature 
factor and  4.0 for  the   D temperature  factor were used during  the 
refinement of  the   D position parameter.     Neutron  jtructure  factor 
calculations   for values  of  X  = 0.640  (0.005)   O.ÖQO were  done   for 
a   subset of  19 reflections  of the   total   Indexed  set  of 60.     The 
agreement  factors continue   to  Improve as  X Is decreased as  shown 
In Table  XXII. 

Table XXII 

Neutron Structure  Factor Calculations Rx = E/AI A/iobs 

X Ri X Ri 

0.640 0.2925 0.670 0.3677 
0.645 0.2937 0.675 0.3842 

O.650 O.2966 0.680 0.3999 

0.655 0.3175 O.685 0.4151 

0.660 0.3369 O.69O 0.4310 

O.665 0.3507 

(U)     A comparison of  the  calculated and observed   Intensities 
Indicates  that  the estimated temperature  factors may be   too  high. 
Values of  1.0  for Al and 2.0 for D are  currently being used  for 
calculation with  X = 0.62^(0.005)0.645. 

(U)     The Al-D distance  in this  structure  is,  at  the present 
state of refinement,   1.704   Ä.     The refinement has  shown  that  the 
column of hydrogen atoms parallel with the  Z-axis  Is  not collinear 
'along the Z-axis but  is displaced  to  the right or  left by a  finite 
value.     This  refinement of  the  structure  is   shown in projection on 
the   (001)   plane  in Figure  34. 

D.     LONG-TERM SURVEILLANCE OF NEAT ALUMINUM HYDRIDE-1451     (C) 

(C)     Many samples  of aluminum hydride  have been stored  neat 
and  in propellant formulations at 400C.,   ambient   temperature,   and 
-I50''.   to determine   the actual  shelf  life of aluminum hydride at 
these  temperatures.     The object of  this  study  is   to check the 
accuracy of  the predicted   shelf  life and  to verify  that  the   improve- 
ments made  In  the  thermal   stability of aluminum hydride as deter- 
mined by accelerated  testing at 60oC.  are also realized at  the 
lower  temperatures.     Surveillance of aluminum hydride propellant 
represents  the   "acid  test"   since  It evaluates both  long-term  sta- 
bility and  compatibility  of  the  hydride with commercial propellant 
ingredients. 

(C)     A number of macrocrystalline aluminum hydride  samples  have 
been stored  in taped glass  vials under an  inert atraonpnere at ambient 
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temperature at -150C. for more than two years.  Sampler at -0 C. 
have been stored for over 200 days and are exposed to light, 

1 .  Storage at '40oC .  (U) 

(C)  A summary of the decomposition rates measured from a series 
of neat, normal macrocrystalline samples stored at ^c^C . Is given In 
Table XXIII.  The average percent decomposition for the six macro- 
crystalline lots is plotted in Figure 35 versus storage time in days 
A plot of the decomposition rates measured for these samples over 
a period of 222 days yielded a typical decomposition curve for alu- 
minum hydride.  After 100 days at l\0°C .,   approximately 2%  decomposi- 
tion was observed; after 222 days, 36.6^ decomposition was measured 
Therefore, it can be concluded that a significant amount of decom- 
position would occur for normal macrocrystalline hydride if stored 
at i40oC . for periods of time much greater than 3 months. 

Table XXIII 

(C)  Long-Term Storage Stabil Aty. of Aluminum Hydride- • 1^51 at 40oC. 

Decomposition b, !* 

Sample Number 
Storage Time, days 

00 97 202 222 

04185A 1.3 1.3 23 0 42.4 

01+195 1.8 2.4 16.9 35.0 

04265B 1.1 2.2 16.7 33.3 

06255 0.2 1.7 14.3 35.0 

06275 1.2 2.5 2C.4 38.0 

06285 1.0 2.2 15.9 36.2 

Average %  Decomp.      1.1        2.1        I7.9       36.6 

aSample3 stored 3 months in cold storage prior to evaluation. 

Determined by carbon and hydrogen analysis; hydrogen xl%  of total, 

(C) The effect of storage at 40oC. on the thermal stability 
of aluminum hydride, as determined by the Taliani test at 60CC,, 
for the same six lots of macrocrystalline hydride is presented 
in Table XXIV. 

(C) Eight pilot plant lots of magnesium-doped A1H..1-1451 are 
also being stored at 40oC. The effect of storage on the thermal 
stability of the samples is summarized in Table XXV. Tne samples 
containing 0.48^ to 1.35^ magnesium exhibited a stability of 12.0 
to 25.5 days before reaching 1^ decomposition at 60oC ,  The results 
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obtained at 4o0C. for the two types of hydride are compared in 
Figure 36. The original data previously reported for the first 
four lots of hydride shown in Table XXV. were in error due to a 
faulty temperature controller and thermometer.  The new data for 
these lots shown in Figure 56 and Table XXV therefore differ fron 
those previously reported. 

Table XXIV 

(c) Effect  of  Storing  Aluminum Hydride-1451 
at 40 UC.  on Thermal Stability 

_r 

Days  to ^each  1% Decomposition at 6o0C.a 

Storage 1  Time,   day s 
Sample Numbe Original 16 42 63 96 

04185A 6.6 4.9 2.6 3.5 1.25 

04195 6.6 4.8 4.5 3.4 1.1 

04265B 7.5 5.8 4.7 3.1 1.1 

06225 8.7 8.0 6.2 3.6 2.4 

06275 6.2 5.6 4.6 3.9 0.9 

06285 6.6 5-9 5.8 2.5 ■1.4 

Average Stability  7-0 5.8 4.4 3.3 1.4 

'Taliani test ±0.2^ decomposition, 

Table XXV 

(C)     Effect  of Storing Magnesium-Doped  Aluminum Hydrlde-1451 
at  40 C.a on Thermal  Stability 

Da 
Sample 
Number 

01206 

01216 

01286 

01316 

06206 

06276 

06286 

O6386 

J^S. 

ya to Reach \%  Decomposition at 60oC 
atorage Time, days 

0.6 

O.67 

0.48 

0.81 

1.26 

1.35 

0.90 

0.86 
Average 

Original 

13.3 

14 .5 

13.2 

12.0 

11.7 

25.5 

19.0 

16.8 
15.8 

7 

13.2 

13.6 

12.2 

11.6 

10.1 

17.3 

12.9 
13.0 

21 

12.8 

13.5 

12.8 

10.4 

8.9 

18.8 

I6.9 

12.6 

13.3 

35 

13.5 

13.0 

11.5 

10.8 

9.2 

20.0 

16.8 

12.4 
13.4 

42 

1, .4 

1. .2 

11.4 

11.1 

8.8 

24.1 

18.2 

13.1 
14.0 

Jt2_ 
12.2 

11.4 

9.8 

9.5 

8.1 

23.5 

18.0 

14.8 
13.8 

Lots also placed under surveillance at ambient temperature and -150C 

■"Talianl test ±0.2^ decomposition. 

-IO6- 

CONFIDENTIAL 

^~^' ^■JöESctE'! 



CONFIDENTIAL 

.-,,** -i.furo;« 1 

8 
/  - r 
/ i § 1 

I o 
/ CO 

Ul / 
z / 
_l / 

__J / o 

>■ 

HI 
z 
_l / 

(A >. 
O 

■o 

r- 

cc — _J X 

s* y < / o 
o    - 
O 8 

981 ? 
1- 

> / 
2 m Q: 

/ h- 
Q 7 0       / < o 

> D
O

PE
 

(0
.6

 

o 
0 = / 

lU 

l- 

ID 

\ o O 
(0 

!5 
< 1 o 

\ 
" 5  " 3E   / 

K   / 
-*■ 

>< z o / o o z / K 
1- 1 1« o 1 to 
o 1 
CL 

o / 
o 

/ / Csi 1 Q 1 

I 
1 5? 1 

/ o 
»- / o 

/ / 
/ > / 
/ < / 
/ 

Q 
_ / 

■o 

0    I 
n 

o o 
o 
O £ 
^ n 
w a 
üj Q 
hü 1 
■T t '—' 
!-. 3 ^ 
O —i -~ 
_> :T ^H 

CO Ul I 
C tt) 

IV-,   h0~ 

ZU   ^ 

C-,   '      g 

rj C 
O  E •-' 
JC CH = 
^   O 3 

C^-,   *"   ef 
0  «M 

c      c 

ax; "j 

o ■*-> fi 
O oa  r. 

■i) 
• x: 

hül  i 

<i) CNJ 00 U) CJ 

■ 107- 

CONFIDENTIAL 



CONFIDENTIAL 
(C)  It was found for each of the six lots of normal macro- 

crystalline hydride stored at 40oC. the stability consistently 
decreased during a storage period of 96  days.  The average sta- 
bility of the magnesium-doped samples also decreases as storage 
time increases, although the curve appears to reach a plateau 
within 42 days.  It is interesting to note the samples change 
color from white to gray after only approximately 4 days storage 
at 4o0C.  In contrast to normal macrocrystalline hydride, the 
Improved stability exhibited originally by the magnesium-doped 
Sfjnples is essentially maintained over this period of time.  The 
latest data suggest the magnesium-doped samples may be undergoing 
an accelerated "aging" phenomenon. 

2. Storage at Ambient Temperature and -150C.  (U) 

(C)  The hydrogen analyses obtained for eleven different lots 
of normal macrocrystalline Dow Pilot Plant hydride stored for vari- 
our periods of time at ambient temperature and -150C. are summarized 
in Table XXVI.  Samples 06l04AT and 07084T are the same as 06l04A 
and 07084, respectively, except that they have been treated with 
acrylonitrile (VON) and sample 3655-85 is a laboratory composite. 
These samples have been stored for a period of 1.8 to 2.3 years. 
The percent decomposition is determined by the change in hydrogen 
content.  Elemental analysis has shown that the hydrogen value 
obtained after this period of time Is still within the experimental 
error of the method, accurate to ±1^ decomposition of the measured 
value.  Examination of the samples shows that those stored at am- 
bient temperature have turned light gray, indicating a small amount 
of decomposition, whereas those scored at -15°C. are still white. 
Using these data, the hydrogen values were plotted as a function 
of storage time and a line drawn through the points with the origin 
represented by the average hydrogen value obtained from the sample 
stored at -15°C.  Using this technique to evaluate the data. Table 
XXVII summarizes the percent decomposition as a function of time 
and temperature for each of the samples.  It is obvious from the 
measured hydrogen values and the color of the samples stored at 
-150C. that no decomposition has occurred over a period of approxi- 
mately two years.  The samples stored at ambient temperature appear 
to have decomposed less than 1%  during this same period, although 
these numbers are not absolute valuer but represent only an indica- 
tion of the amount of decomposition. 

(C)  The effect of temperature on the rate of decomposition 
of aluminum hydride is Illustrated in Figure 37.  This relationship 
is derived from the time it takes a sample to reach 1%  decomposi- 
tion and is shown for normal macrocrystalline hydride and macro- 
crystalline hydride containing 1.9^ magnesium as a crystal lattice 
stabilizer.  Originally, a comparison of the time it takes to reach 
±1%  decomposition at 6o0C. and above resulted in two parallel lines 
which were extrapolated from the last experimentally determined 
point at 6o0C. to 250C. (broken line).  This indicated that 1% 
decomposition should be observed from the normal macrocrystalline 
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Table XXVI 

(c Summary of  Hydrogen /alues   for  Macrocrystalline Aluminum 
Hydrlde-l 151   Samples  Stored at Ambient  Temperature and   -15"( 

Time, 
Months 

Wt.  %  Hydrogen 
Sample 
Number 

Time, 
Months 

Wt.  % Hydro ;en 
Sample 
Number 

Storage  Temp 
Ambient 

^ra ture 
-15UC. 

Storage 
Ambient 

Tempera tu re 
-15UC. 

3655~85 0 
20 
25 
31 
37 

10.12 
9.70 
9.78 
9.84 
9.60 

Average 

10.12 
9.94 
9.96 
9.92 
9.92 

02034A 0 
3 

10 
15 
21 
27 

9.75 
9.50 
9.68 
q.67 
9.84 
9.78 

Average 

9.75 
9.58 
9.7S 
9.87 
9.61 
9.83 

9-97 9.77 

02044 0 
3 

10 
15 
21 
27 

9.86 
9-38 
9.82 
9.82 
9.86 
9.83 

9.86 
9.60 
9.89 
9.90 
9.88 
9.88 

02044A 0 
3 

10 
15 
21 
27 

9.83 
9.83 
9.87 
9.85 
9.92 
9-77 

9.83 
9.85 
9.91 

10.01 
10.00 
9.82 

Average 9.83 A /erage 9.91 

02134A 0 
3 

10 
15 
21 
27 

9.84 
9.93 
9.83 
9-83 
9.84 
9.93 

Average 

9.84 
9.86 
9.87 
9.82 
9.01 
q.36 

9.86 

0329'+ 0 
9 

14 
20 
26 

10.0 
10.08 
9.91 

10.01 
9.98 

A /erage 

10.00 
9.99 

10.08 
10.06 
9.85 

10.00 

04194 0 
8 

13 
19 
25 

10.27 
9.91* 
9.99 
9.89 

10.02 

10.27 
9.96 

10.03 
9.97 

10.18 

06014A 0 
6 

11 
17 
23 

10.00 
9.96 
9-91 
9.93 
9.96 

10.00 
10.02 
9.q4 

10.02 
9.79 

Average 10.08 Average 9.95 

06024A 0 
6 

11 
17 
23 

9.89 
10.08 
9.94 
9-90 

10.02 

9.89 
10.03 
9.99 

10.03 
10.12 

06054 0 
6 

11 
17 
23 

9.88 
9.98 
9.97 

10.02 
9-95 

9.88 
9.92 
9.99 

10.03 
10.11 

Average 10.01 Average 9.99 

06104 A 0 
6 

11 
17 
23 

J-S9 
10.07 
9.97 

10.10 
10.01 

9.89 
10.02 
10.05 
9.96 

10.10 

06104AT 0 
6 

U 
17 
23 

9.90 
10.01 
10.03 
9.99 

10.06 

9.90 
9-99 

10.04 
10.09 
9.94 

Average 10.00 A /erp^o 9.^ 

07084 0 
5 

10 
16 
22 

10.04 
10.05 
9.97 
9.94 

10.03 

10.04 
10.00 
9.99 
9.99 

10.02 

07084T 0 
5 

10 
16 
22 

9.88 
10.07 

9.91 

9.88 
10.05 
10.02 
9.96 

10.05 
Average 10.00 Average 9.99 
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hydride after 0.24 year and approximately 1.54 years for hydride 
containing 1.9^ magnesium.  However, recent experimental data ob- 
tained from long-term surveillance studies of macrocrystalline 
A1H3-1451 show that the hydride is much more stable at lower tem- 
peratures than originally predicted. 

Table XXVII 

(C)  Summary of Long- Term St orag e Stability 
of Aluminum Hydr 'ide -1451 at Ambient Temoerature 

Sample Number Ag e, years % Decomposition 

3655-85C 3.1 2.8 

0205^A 2.3 0.3 
02044 2.3 0.2 

02044A 2.3 1.0 

02154A 2.3 None 

03294 2.2 0.5 
04194 2.1 1.8 

060l4A 1.9 0.2 

06024A 1.9 0.5 

0605^ 1.9 None 

06l04A 1.9 None 

06l04AT(VCNjd 1.9 None 

07084 1.8 0.2 

07084T(VCN) 1.8 1.0 

No decomposition detected when stored at -150C. 

'Determined by carbon and hydrogen analysis; hydrogen ±1^ of total. 

'Laboratory composite. 

VON Acrylonitrile treated 

(C) Six lots o 
averaged 7 days to r 
40°C., where they re 
level of decompositi 
hydride has been sto 
and, although an ace 
that they are approa 
D.l.b.). The solid 
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ture (Figure 37) and 
originally predicted 
now being studied. 

f macrocrystalline A1H3-1451, which o 
each i/o decomposition at D0OC. were s 
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; this may be related to the "aging" 
It will be very interesting to determ 
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the magnesium-doped samples of AlHa-l^Sl currently under test will 
reach 1%  decomposition at i+0°C.  It is expected, due to the en- 
hancement; of the "aging" effect by the incorporation of magnesium 
into the crystal lattice, that the lattice stabilized and/or DPA- 
treated hydride will possess greatly superior stability at the 
lower temperatures (250C. and h'Q°C.) .     It should be noted that the 
original relationship represented by the time for the magnesium- 
doped AlHa-l^Sl to reach 1%  decomposition at the various temperatures 
represents measured decomposition rates of a freshly prepared sample 
and for that reason does not take into consideration the "aging" 
phenomenon. 

(C)  The same eight lots of magnesium-doped hydride under sur- 
veillance at 4oc'C. as listed in Table XXV are also being stored for 
long-term surveillance.  In addition, four of the above lots of 
magnesium-doped hydride are being stored in a modified Taliani ap- 
paratus at ambient temperature to continuously monitor their decom- 
position rates.  The available data from these samples are presented 
in Table XXVIII.  The samples range in magnesium concentration from 
0.48^ to 0.8l^.  Sample 01216 was lost after 120 days due to equip- 
ment failure.  The average decomposition rate obtained is plotted 
in Figure 38.  It is obvious that an acceleration of decomposition 
is being observed with increasing time, although the total decom- 
positions of the hydride is only 0.1^ in 200 days.  A laboratory 
sample of normal macrocrystalline in situ DPA-treated sample was 
also placed on test.  Its rate of ^composition is presently 
greater than that observed from the magnesium-doped lots, although 
its rate of decomposition appears to be decreasing.  A total of 
0.069^ decomposition was observed afcer 120 days. 

Table XXVIII 

(C)  De compos: Ltion Rate of Magn eslum-Doped Aluminum 
Hydride-. L451 Stored at Ambient Temperature 

%  Decompositi on 
Sample 
Number  /J Mg 

Storag e Time, days 
30 00 90 120 150 1Ö0 210 

01206   O.60 0.012 0.015 0.034 0.045 0.066 0.088 0.119 

01216   0.67 0.010 0.017 0.022 0.035     — 

01286   0.48 0.009 0.012 0.028 0.037 0.058 0.082 0.125 

01316  0.O1 0.012 0.012 0.033 0.040 0.056 O.080 0.095 

Average ^ 0.011 0.014 0.029 0.039 O.060 0.083 0.113 

9367-134 
(Normal Macro- 
crystalline 
+ DPA) 

0.034 0.046 0.064 O.O69 
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E.     COMPATIBILITY AND  FORMULATABILITY STUDIES     (U) 

(c)     Samples of various  types  of aluminum hydride,   including 
macrocrystalline,   surface hydrolyzed,  magnesium-doped,   and   in situ 
DPA-treated magnesium-doped  AIH3-I45I have  been  evaluated  at  25UC . 
and   400C.   in double  base and composite propellant.     Similar  studies 
have  been made at 60oC.  with the  addition of   "aged" magnesium-doped 
AIH3-I451.    The effect of adding water and DPA  to  the propellant 
mix has  also been examined. 

(U) The decomposition rate of samples was determined by mea- 
suring the gas evolved from propellant samples containing 0.25 g. 
of hydride  in a modified Taliani apparatus. 

1.     Double Base Propellant     (U) 

(C)    The studies  on the  behavior of AIH3-I451  in double  base 
propellant have utilized  both  the  ABL and  Lockheed  formulations  as 
shown  in Table XXIX;   differing mainly  in the nitroplasticizers  used 

Tabl e XXIX 

Double Base Propellan t Formulations 

Ingredient 
Compos 
ABL 

itioo,  wt.  % 
Lockheed 

IMH-l 25.0 20.80 
AP 26.0 50.69 

PCNC 12.0 12.86 

TEGDN 4.4 13.02 

BDNPA 4.4   

2-NDPA 1.0   

Resorcinol 1.0 0.50 

TMETN   21.63 

Ethyl 
Centralite 0.50 

NG 26.2 

(U) Only the ABL double base formulation was used the first 
half of I966, while both formulations were used during the second 
half of the year. 

a.  Storage at 250C.  (U) 

(U) The gas generation rates of propellant samples under sur- 
veillance at 250C, were monitored.  Three of these samples were 
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placed  ander surveillance   in  1965 and   three during  1966.     A  summary 
of the  results from these  tests   is  given in Table XXX.     The date 
study was   initiated,   days  on test,   and  percent decomposition,   are 
given for each sample as of December 23,   1966. 

Table  XXX 

(U)     ABL Double  Base  Propellant  Samples  on 230C.   Surveillance Test 

Date on 
Test Sample Composition 

8-4-65 Aluminum   (Reference) 

8-4-65 AlHa-Lot  02055 

10-13-65      AlHa-Lot  02055,   surface 
hydroxyzed 

5-20-66 AlHa-Lot  QX-020,   Mg- 
doped 

6-6-66 AIH3- Sample 8262-145, 
Mg-doped,   in situ 
DPA-treated 

6-7-66 AIH3- Sample 9367-62, 
Mg-doped,   ln_ s itu 
npa _+ no-.+■/•.fi 

Status  as, of 12-23-66 
Davs Ela £1 ;ed ^ Decomposition 

275 0 

508 0.33 

423 0.33 

217 0.088 

190 

xyy 

0.090 

0.066 

(U)    The 250C.   surveillance  samples continue to decompose very 
slowly.    The decomposition curves  of these  samples  are  shown in 
Figure  39-    The  standard macrocrystalline A1H3-1451   (Lot 02055) 
has  now been on  test   in double  base  propellant for more  than one 
year.     It reached  0.33^ decomposition  in 508 days  at 250C.     Its 
decomposition rate  increased  over approximately  100 days  before 
decreasing   (Figure  39).     However,   since  the  first 250 days   the 
decomposition rate has  remained  constant at 0.11^ per year.     The 
surface hydrolyzed   sample  has   followed  a  similar pattern. 

(C)    The three  samples of   improved  AIH3-145I   (Lot QX-020 Mg- 
doped,   Sample 8262-145 Mg-doped,   in situ DPA-treated  and  Sample 
9367-62 Mg-doped   In situ DPA-treated)  which were placed  on  test 
in double  base propellant during the  second quarter of this  year 
show a marked   improvement   in  thermal  stability over standard  AIH3- 
1451.     The magnesium-doped, ln_ s_ltu_ DPA-treated   hydride  shows  a 
decomposition rate of 0.09% compared   to 0.22^  for the  standard 
A1H3-1451 after 200 days. 

b.     Storage at 4o0C.     (U) 

(C)    Six propellant samples are under surveillance at 40oC.     A 
surface hydrolyzed   sample which reached   1% decomposition  in 264 
days  was discontinued  as well as  a magnesium-doped,   "aged" AIH3- 
1451  sample which showed  erratic   results.  A   list of the  samples  re- 
maining on test at 40oC.   is given  in Table XXXI. 
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Table XXXI 

(U)  Propellent Samples on 4o0C . Surveillance Test 

Date 
Sample Composition 

Status as of 9 -19-66 
on Test Days Elapsed $ 

471 

Dec omposition 

9-8-65 AIH3 - Lot 02055a O.69 

4-14-66 AIH3 - Lot QX-020, Mg- 
dopeda 251 0.57 

6-8-66 AIH3 - Sample 9367-62, Mg- 
doped, in situ DPA- 
treated0- 163 0,26 

6-7-66 AIH3 - Sample 9567-62, Mg- 
doped, in situ DPA- 
treateda 199 0.27 

6-6-66 AIH3 - Sample 8262-145, 
Mg-doped, in situ D?A- 
treated3 201 0.45 

9-8-65 Aluminum (reference) 470 Neg. 

Thiokol composite propellant  formulation given  in Section E.2. 

(C)     The  benefit obtained  from magnesium-doped,   in situ DPA- 
treated,   AIH3-I45I compared to  standard  AIH3-I451   isTepicted   in 
Figure 40.     An approximate  twofold   improvement  in stability is 
observed. 

(C)     The  behavior of surface  hydrolyzed  AIH3-145I   in double 
base propellant  is of considerable   interest,   as most commercially 
available material possesses   this   type  of surface  to  some degree. 
The   surface hydrolyzed  sample shown  in Figure 40 maintained  a con- 
stant  rate  of decomposition throughout  the test period,   reaching 
1% decomposition  in 264  days,   corresponding  to a decomposition  rate 
of  1.38^ per year.    No decrease  in decomposition rate occurred with 
the surface  hydrolyzed   sample,   indicating  the  stabilizing effect 
of the double  base propellant was  ineffective at 40oC. 

(C)     Two of the  samples  which were  on test at  40oC.   in double 
base  propellant  have exhibited   erratic   behavior.     These  samples 
are   (i)  magnesium-doped   in sltu_ DPA-treated   (8262-145),   and   (ii) 
magnesium-doped _Lot QX-020)  A1H3-1451.     Both of  these  samples 
previously exhibited  remarkable stabilities  at 60oC.   and are 
showing  excellent stability at 25°^.     The cause of  the erratic 
behavior at  40oC.   is not  known at  this   time. 
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c.     Stabilization of the Hydride  by Double  Base  at 250C.   and   40oC.   (C) 

(C)    Both the decreased dec 
and  the poorer performance of  t 
hydride-1451   in double base  pro 
and  40oC.   surveillance data,  ma 
base  stabilization theory.     It 
products  of  the  double base pro 
oxide   (NO),   under certain condi 
for aluminum hydrido.     The gene 
bilization of the  AIH3-I451 do 
place over a  period of time  as 
position  rate  until a maximum s 
data  also  suggest that hydrolys 
the  A1H3-1451 crystals produces 
NO,   preventing  effective  stabil 

omposltion rate of alominum hydride 
he  surface  hydrolyzed aluminum 
pellant as  observed from the  250C. 
y be explained  by a proposed double 
is postulated  that the decomposition 
pellant matrix,   primarily nitric 
tions,   act  as an effective stabilizer 
ration of NO and  the resultant  sta- 
not occur  immediately,   but  take 
shown by a   slowly decreasing decom- 
tatilization  effect occurs.     The 
is  or oxidation of the  surface of 

a  barrier  to  the  stabilizing  agent, 
ization. 

(C)    Data,   present, 
evolved   from the  AIH3- 
containing aluminum, 
sphere  from October '..';• 
evolved  were analyzed 
either the  A1H3-1451  i 
probably on the  surfac 
1451  is  inhibiting the 
was  observed   for the f 
low concentrations of 
of  the data,   and  the  r 
preted with caution 

ed in Table XXXII, show consistently less NO 
l451 samples than from the reference samples 
The  samples  were  stored  under an argon atmo- 

965  to ."'arch 21,   1966  before the gases 
by mass  spectroscopy.     These data   indicate 
s  reacting with NO   forming some comoound. 
e of the  A1H3-1451,   or less   likely.,   the  ÄIH3- 
formation of the NO.     No consistent  trend 

ormation of NaO.     Unfortunately,   the  extremely 
the  inidivldual gas  species  limit  the  accuracy 
esults presented   in Table  XXXII must  be  inter- 

Table  XXXII 

(C)     Gases  Genera ted   from Tou :le Base Fropellant Sampl es at 40oC. 

lerated 

Amount of Gas, g. moles 
X 10-* 

« ni'cpellant 

Gases Ge 
Aluminum 
Sample  la 

1.24 

Al 
Sa 

am in urn 
T.TJ 1 e 4 

1.25 

a_ 
Lot 02055Ha 

1451 
Lot 02055 

1451 

H2 68.50 21.10 
HaO 1.13 2.71 2.59 2.68 
CO 0.37 0.52 0.64 0,81 
N2 Nil C.93 0.58 0.94 
NO 0.66 0.48 0.31 0.36 
Mass 43b 0.05 0,17 0.11 0.04 

N20 1.08 0.51 0.86 0.15 
Mass 45b 0.33 0.07 0.11 0.38 

Indicates  surface hyorolyzed . 

Insufficient  quantities of these fragments  prevent identification, 
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(C)    Contrary  to  some reported  data   (11),   a  considerable amount 
of experimental data  as  summarized   below,   supports   the conclusion 
that double  base propellant stabilizes A1H3-1451. 

(i)     A1H3-1451   is consistently more   stable  in the 
presence of double base  propellants   than when 
neat   (usually by a  factor of  two). 

(11)     A1H3-1451 recovered  from   "aged" double  bass 
propellant showed  the  presence  of a   surface 
coating on the crystals  which contained 
nitrogen and  oxygen     (l). 

(ill)    Nitric   oxide   (NO)   is  a decomposition product 
from  ingredients present  in the double  base 
system as determined  by off-gas  analysis. 

(iv)     Early  laboratory work has   independently 
demonstrated  the stabilizing effect  of NO 
on A1H3-1451     (3). 

(v)     Recent analysis of the  gases generated   by 
double  base samples  has   shown  less NO evolved 
from those samples containing AIH3-I45I  than 
those containing aluminum   (see Table XXXII). 

(vi)    Neat   surface  hydrolyzed  AlHa-l^l  shows   im- 
provement  in stability over standard  AIH3- 
1451  but when formulated   in double  base pro- 
pellants   Is   less  stable  than  the  standard 
(Figures  39 and  kO). 

d.    Storage at 60oC.     (U) 

(C) Twenty 
compatibility a 
XXXIII, The re 
(i) magnesium-d 
doped, in situ 
addition, the e 
was examined. 
aluminum and fo 
and composite) 

-two double 
nd formulata 
suits from t 
oped, (ii) " 
DPA-treated, 
ffect of add 
Three refere 
ur samples c 
remain on te 

base propellant  samples  studied  for 
billty at 6o0C.   are   listed   in Table 
hese samples  provide an evaluation of: 
aged",  magnesium-doped,   (ill) magnesium- 

and  surface  hydrolyzed   A1H3-1451.     In 
ing water and  DPA to  the propellant mix 
nee  samples  of propellant containing 
ontaining AlHa-l^Sl   (both double  base 
St. 

(C)     Most of  the  propellant  studies  at 60oC .   have been con- 
ducted  with the  ABL formulation.     Recent evaluation of two 
selected   A1H3-1451  samples   in the  Lockheed   formulation   (Lot  QX- 
020,  magnesium-doped  and Sample 9367-62,  magnesium-doped,   in situ 
DPA-treated)   show very close agreement wich the   results previously 
obtained   in the  ABL formulation. 

(C)     Table XXXIV shows the decomposition rate of seven propel- 
lant samples  at 60oC .   using the ABL double  base  formulation.     Six 
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of   these contained  magnesium-doped   Alrb-l1^!  while  the  other con- 
tains  aluminum as  a   reference.     It  has  shown no  significant gassing 
In  105 days  at  60oC.     Figure  hi  illustrates   the  remarkable  stabili- 
ties  displayed   by  three  of  these  samples.     Magnesium-doped   "aged", 
and magnesium-doped,   in situ DPA-treated   sampxes of AlHa-l^l con- 
tinue  to show nearly a  tenfold   Improvement over standard  AlHa-l^Sl. 

Table  XXXIII 

(U)     Identification  of  Double  Base  Propellant  Samples 
on 60UC .  Tallanl Test 

Double Base 
Number Formulation 

1 ABL 

2a ABL 

3 ABL 
h ABL 
5 ABL 

6 ABL 

7 ABL 

8 ABL 

9 ABL 

10 Lockheed 

lla Lockheed 

12a ABL 

13 Lockheed 

ih Lockheed 

15 ABL 
16 ABL 

17 ABL 
18 ABL 

19 ABL 

20 ABL 

21a ABL 

22a ABL 

Fuel  Type 

Sample  8262-145;  Mg-doped.   In  situ DPA-treated 

Sample  5853-1^2;   Mg-doped,   "aged". 

Sample 9367-6l;  Mg-doped,   in situ,   DPA-treated 

Sample 9367-62;  Mg-doped,   in situ,   DPA-treated 

Sample  QJ!126;   Mg-doped 

Sample  9020-22;   "aged",   Mg-doped 

Sample 9569-I6A;   fresh 

Sample 9569-I6B;   surface  hydrolyzed,   0.31$ 

Sample 9569-I6C;   surface  hydrolyzed,   0.41^ 

Texas  P.   P.   Lot  QX-020;  Mg-doped 

Aluminum   (reference). 

Aluminum   (reference) 

Sample 9367-62;   Mg-doped,   in situ DPA-treated 

Lot 02055 Standard 

Texas   P.   P.   Lot 05106;  Mg-doped 

Texas   P.   P.   Lot  05066;   Mg-doped 

Texas   P.   P.   Lot 05196;   Mg-doped 

Texas   P.   P.   Lot  05136;   Mg-doped 

Lot  02055 Standard,   +1%  DPA 

Lot 02055 Standard 

Lot 02055  + 0.25^ H2O 

Lot  02055  + 0.50%  H2O 

Remain on test as  of December 23,   1966. 
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Table  XXXIV 

(c)     Accelerated  Testing of ABL Double Base  Propellant 
Containing  Aluminum  Hydrlde-l^l  at  bO"C ■ 

Days   to  Reach 
 Type  of AIH3-USI   Fuel  1^ Decomposition 

Sample  8262-145;   Mg-doped,   in  situ   DPA-treated 170 

Sample  5853-l1+2;   Mg-doped,   "aged"s 0.7^ after 2^3 
days 

Sample   9367-6I;   Mg-doped,   in  situ  DPA-treated 70 

Sample  9367-62;   Mg-doped,   in  situ  DPA-treated 225 

Sample  0^126,   Mg-doped 23 

Sample  9026-22;   "aged",   Mg-doped,   DPA-treated 18 

Aluminum reference 

Remain on  test as  of  December 23^   1966. 

(C)     Data  obtained  from magnesium-doped,   pilot plant AIH3-I45I 
samples   in double  base propellant at 60oC.   are  shown in Figure  42. 
Considerable   variation from lot  to   let  has been observed.     However, 
all magnesium-doped   samples were  equal  or better  than standard 
AIH3-145I.     Four of  the  six magnesJum-doped   samples  required   16 
days  or more  to  reach  1^ decomposition compared   to 8 days  for  the 
standard  hydride,   representing a   twofold   improvement. 

e. Effect of Surface Hydrolysis     (U) 

(c)     The  effect of  surface  hydrolysis and water on the  stability 
of AIH3-I45I   in propellant  is   not  clearly understood.    An initial 
experiment was conducted  to more accurately define  the effect  of 
surface  hydrolysis,   but  failed  to give  reliable  results when Talianl 
equipment problems  developed.     The  experiment was repeated with  two 
portions  of a  different  sample  hydrolyzed 0.3^ and 0.41^.     These 
data  are presented  in Figure  43. 

(c)     The  surface  hydrolyzed hydride   shows  a   significant amount 
of initial gassing followed by approximately a   twofold  stabiliza- 
tion of   the  hydride as  compared  to   fresh surface hydride  in the 
same double base propellant formulation.     These  results disagree 
with  the  observed poorer performance  of  surface-hydrolyzed mate- 
rial  at 250C.   and  400C.   shown in Figures  39 and  40. 

f. Effect of  Direct  Addition of  DPA  to  Double  Base   Propellant     (c) 

(C)     Figure  44   shows  the  effect of adding   1% DPA to  the propel- 
lant mix.     It  indicated  no  initial  effect,   but did retard  the 
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accelerated decomposition of the AIH3-I451 after the first five 
days.  The application of the DPA on the surface before drying the 
hydride appears to be necessary if it is to be beneficial in double 
base propellant. 

R.  Effect of Direct Addition of Water to Double Base Propellant  (U) 

(C) Carefully controlled amounts of water added to the propel- 
lant mix appear to have a very significant stabilizing effect on 
the double base propellant.  Figure 45 shows the stability obtained 
by adding 0.25^ and 0.50^ water directly to the AlHa-l1^! double 
base propellant mix.  This small addition of water resulted in an 
unexpected twentyfold improvement in stability over the same formula- 
tion containing no water.  In addition, no significant initial 
gassing was encountered.  Further work should be conducted to 
define the actual mechanism of this phenomenon. 

2.  Composite Samples Containing Aluminum Hydride-1451  (c) 

(U) The Thlokol formulation was used in all composite propel- 
lant samples evaluated at 60oC. during 1966,  This formulation is 
given in Table XXXV. 

Table XXXV 

(U)     Thiokol Composite   Propellant  Formulation 

Ingredient Composition,   wt.  % 

IMH-1 25.0 

AP 49.5 

TMETN 14 .0 

ZL-457 10.11 

HX-874 1.39 

(U)    The nine composite  samples   listed   in Table XXXVI were 
studied   for compatibility and   formulatabillty.     Of these only  the 
aluminum standard   remains  under surveillance. 

(C)    Figure   46  shows  the  decomposition  of  standard  and magnesium- 
doped   A1H3-1451  both neat and   in composite  propellant;   the magnesium- 
doped  sample  exhibits more  than a   twofold   Improvement over the 
standard  AIH3-I451. 

(C)     Figure  47   shows   the   results  obtained   with  six pilot  plant 
lots of magnesium-doped   AIH3-I451   in composite  propellant compared 
to   the   standard   (Lot  02055).     These  results  are  very  similar  to 
those  shown  in Figure  42  for double  base  propellant.     Excellent 
stabilities  were  observed  with all magnesium-doped  samples  which 
exhibited  better than a  twofold   improvement over standard  A1H3-1451. 
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(C )     A magneslum-doped,   In  altu DPA-treated  A1H3-1451 continued 

to  demonstrate  remarkable  stability as   shown  in Figure  48.    The 
sample decomposed only 0.84^ after SI days  at 6o0C .     However,  due 
to  equipment problems,   the  test  had  to  be  terminated.     The   sample 
demonstrated  approximately a   tenfold   improvement  in stability over 
standard  AIH3-I45I. 

F.     MISCELLANEOUS   PROPELLANT   STUDIES     (U) 

(C) The recent impro 
reduced many of the probl 
high energy rocket propel 
mental missile applicatio 
which might be tolerated 
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(C)    The  specific  problem created  by AIH3-1451  is  related  to 
the   thermal stability of the compound.     Recent advances  which have 
resulted   in very stable A1H3-1451  should drastically reduce the 
quantities and  rate of gas generation  in propellant   formulations. 

(C)    The magnitude of the  problem of grain failure caused  by 
gas  generation  in the grain  is  not  known.     The diffusivity through 
the propellant of the gas generated  has  a  very  large  effect on the 
amount of gas generation which can be  tolerated.     Hydrogen readily 
diffuses  through most  substrates, 

(C)     A Dow technique  for determining  permeabilities of various 
substrates,   primarily plastics,   was  used  to  provide  some   Insight 
into  the  rate of diffusion of Ha  through propellant containing 
A1H3-Iit51.    The procedure   involved  placing a  propellant  sample 
between an atmosphere of hydrogen and  an atmosphere of tritium, 
and measuring the  rate of transfer of the  radioactive  tritium 
with a   standard detecting device   (Figure  49).     This  single experi- 
ment gave a  value of the diffusivity of H2   through double  base 
propellant of D = Ji .85 x  10~4 cm.2/hr.  at 250C.  and  one atmosphere. 
It  should  be  emphasized   that only one experiment was carried  out 
to determine  the  feasibility of obtaining  the desired  results  by 
this  technique.    The calculated diffusivity does not consider the 
possible  exchange with other  hydrogen containing compounds   in  the 
propellant  grain and  for that  reason the  value  is  only very pre- 
liminary and  additional work would   be required  to resolve this 
question.    The  fundamental  equipment  used  in  this  determination 
is  shown  in Figure 49. 
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SECTION IV 

(U)  CONCLUSIONS AND RECOMMENDATIONS 

A.  CONCLUSIONS (U) 

(C)  Based on the results of this report periodj the following 
recommendations are made: 

(i)  The best technique for Incorporating magnesium Into 
the AIH3-I451 crystal Is the addition of an ether 
solution of LlMg(AlH4)3 to the aluminum hydride feed 
solution. 

(il)  The incorporation of magnesium into the continuous 
process AIH3-I45I does not result in the same degree 
of improvement in stability as obtained by the batch 
process.  The reason for this difference is not 
known, but it is believed to be associated with the 
manner in which magnesium is incorporated into the 
crystal faces of the hydride. 

(ill)  Teflon PEP was shown to be a superior material of 
construction for an aluminum hydride crystallizer 
liner; in laboratory runs no adhesion or decomposition 
occurred.  A similar improvement was not realized 
with a 9-gallon crystallizer; product adhered co the 
v,- 1 1  ~      «-P      l-U-l   -     ,,nJll- >,..4-      _,.n„4.,,„ 1  -1 ..      1 i-r,,.       _.._..      4„ Wax-Lo    ui.      uii-LO    una-u,     Uuo    c v c iiot-*a-t-xj     uPuivc    a^aj     xn 

sheets of AIH3-I45I.  This difference between the 
laboratory unit and the larger crystallizer la be- 
lieved to be due to design changes which were neces- 
sary for fabricating the unit from stock PEP items . 

(iv)  None of the materials of construction which have 
been evaluated is entirely acceptable; perfluoro- 
hydrocarbons appear to have the best potential. 

(v) Laboratory experiments with Teflon TFE and pyrex 
glass indicate that product adhesion during AIH3 
crystallization is more serious with higher inner 
wall temperatures. Adhesion may be considerably 
decreased or eliminated by maintaining lower wall 
temperatures and heating the solvent by internal 
means. 

(vi)  The aluminum hydride crystalline phase obtained at 
nucleation is a direct function of specific nuclea- 
tlon conditions, such as aluminum hydride concentra- 
tion, ether concentration (temperature) and lithium 
aluminum hydride concentration. 
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(vii)     In  the  present art of AIH3 crystallization,   the 

ratio  of nucleation  rate   to crystal growth rate 
is   low,   resulting  in  limited  crystal  surface 
area  during the growth stage  and,   consequently, 
poor crystallinity. 

(viii)     Preliminary  laboratory work  has demonstrated   the 
concept  of  a continuous   external  nucleator  system 
to  supply nuclei of AlHa-l^Sl  to  a crystallizer 
unit. 

(ix)    The most  significant parameters   in  the  AIH3-I45I 
crystallization  process   are   agitation,  crystal   re- 
tention  time,   feed  rate,   and   additive  hydride con- 
centrations;   ether concentration   (temperature)   is 
important during nucleation. 

(x) The product rate of the 
crystallizer can exceed 
(0.015  lb./gal./hr.). 

tubular design  AlHa-l^Sl 
O.06  moles/liter/hour 

(xi)     Decomposition  is  primarily  related   to  the  presence 
of   impurities which also affect nucleation and 
growth. 

(xil)     Post   treatment  of AlHa-l^Sl  with  DPA  or water  im- 
proves  the thermal  stability.     Treatment  tech- 
niques  used  to apply these  agents  are  important. 

(xlil)    The  stoichiometric   equivalence  point of the reac- 
tion  between aluminum chloride  and   lithium alu- 
minum hydride can  be  routinely  determined  by 
flame photometry. 

(xlv)     Incorporation of magnesium  per  se   is  not  suf- 
ficient  to guarantee  stabilization  of AIK3- 
1451.  The process  parameter(s)   which controls 
the  effectiveness  of magnesium  stabilization of 
AIH3-I451  has not  been found. 

(xv)     The density of magnesium-doped   hydride decreases 
as magnesium concentration   increases.    The  re- 
sulting  structure   is   a  substitutlonal  solid  solu- 
tion,   the magnesium substituting at  random  for 
aluminum atoms   in  the   lattice. 

(xvl)     The  optimum stability of  A1H3-I451   by DPA   is  ob- 
tained   by  in_ situ treatment   in a  wash  solution 
containing 2-5 g.   of DPA/250  ml.   of  benzene.     An 
evaporation technique,   whereby  a  known amount of 
an ether  solution of DPA   is  dried  on  the product, 
is more  effective  for material made  by the con- 
tinuous  process. 
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(xvll)  DPA probably forma a weak adduct with AIH3-I451 
through the triple bond.  This inhibits the excer;3lve 
build-up of electron density at any one point in the 
AIH3-I45I crystal. 

(xvill)  DPA is a better stabilizing agent for AlHa-ltSI than 
a number of other acetylenic derivatives and com- 
pounds containing one or more phenyl groups. 

(xix)  Large improvements in stability result when AIH3- 
1451 is stored at -150C.; several "aged" lots re- 
quired nearly 100 days before reaching 1^ decomposi- 
tion at 60oC. 

(xx)  The initial gas from "aged" samples contains large 
amounts of water vapor, which may play a major role 
in the "aging" process.  It may be possible to re- 
produce the same stabilizing effect in much shorter 
periods of time by moisture and heat treatment. 

(xxl)  Aluminum hydride-1451 is stabilized in the double 
base propellant formulation.  This is probably due 
to a reaction between the hydride and nitric oxide. 

(xxll)  Magnesium-doped, "aged", and magnesium-doped, in 
situ DPA treated AlHs-l^Sl show remarkable stability 
in double base propellant.  The goal of less than 
1$ decomposition in one year at SocC. la being 
reached by magnesium-doped, "aged" All^-l^l In 
double base propellant. 

(xxlii)  The effect of water is not clearly understood.  The 
process by which it is added to the A1H3-1J451 seems 
to determine whether it is beneficial or detrimental 
to stability.  Partial hydrolysis of the hydride 
prior to its use in propellant has not consistently 
resulted in a significant increase in stability. 
Recent work, however, with propellant formulations 
which contain carefully controlled quantities of 
water added to the mix indicate a many-fold improve- 
ment in stability can be achieved. 

B.  RECOMMENDATIONS (U) 

(C)  Based on analysis of results of this report period the 
following recommendations are made: 

(i)  Studies to determine the effect of crystallizer wall 
temperature on adhesion should be continued. Con- 
currently, the most promising fluorocarbon liners 
should be Investigated as possible materials of con- 
struction. 
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(ii)  Reasons why the stability of laboratory samples 

of AlHa-l^Sl made by the continuous process are 
not enhanced by the incorporation of magnesium 
should be determined. 

(iii)  Reasons why hydride prepared by different pro- 
cesses responds differently to surface treat- 
ments should be further investigated. 

(iv)  An external nucleator system should be developed 
to provide : 

a. Better crystals. 

b. Shorter start-up  times. 

c. Decreased  product adhesion  and 
agglomeration. 

d. Paster feed  rates  and   increased 
produc tion. 

(v) Techniques to eliminate small amounts of initial 
gassing in stabilized aluminum hydride should be 
developed . 

(vi)     Determine change,   if any,   in  stabilization derived 
from  various   treatments   with  reduction  of  storage 
temperature  from 60oC,   to 250C. 
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AP 

BDNPA 

DPA 

HX-874 

2 -NDPA 

LMH-1 

NG 

PGNC 

TEGDN 

TMETN 

ZL-437 

FEP Teflon 

TPE Teflon 

SECTION VI 

(U)     GLOSSARY 

Ammonium perchlorate 

bi3(2,2-Dinitropropyl)acetal 

Diphenylacetylene 

Trifunctional  aziridine 

2-Nitrod iphenylamine 

Aluminum hydride 

Nitroglycerine 

Plastisol grade  nitrocellulose 

Triethylene glycol dinitrate 

Trimethylolethane  trinitrate 

A polyester resin 

Polyperfluoroethylenepropylene copolymer 

Polytetrafluoroethylene 

"139 "     1^V*H 'I'y&Mm'H t ?% 



PWHBHm —^-~-;-  -  :    . ■-- ■ -~~~ ■■.:..:     . . •• .; 

 . '—    -—       -'-       ^ -     - —,_—.—,  

UNCLASSIFIED 

^ 

Unclassified 
Security Cloaolflcotlon 

DOOJUUHT CONTROL DATA • R&D 

I    OaiaiMATIMO «CTIUI'T rC»i»»w» «wKrarJ 

The Dcv Chemical Company 
Midland, Michigan 

Confidential 
I ft     QOOUP 

1   (l«PO«T TITL« 

High Energy Propellant Ingredient Research and Development 

4     OUCmPTivff  NOTft (Trv*  «I r»p*r1 «MW mcftjtftr« dftM«; 

Annual Technical Summary Report        1 January 1966 - 31 December 1966 

Brower, F. M.j Daniels, R.  D.; Matzek, N. E.J  Roberts,  C.  B.;  Snover, J. A.; 
and Wilson, E. J. 

•  naponr o» n 
January 1967 

• ft    CONTMftCT  OH  «RANT  NO 

AF 04(611)-llllOO 
*  vojacr NO. 

5148 
■ 

BPSN Nr. 62311*8 

153 
7k   MO   o'mup* 

12 

FS-i*Q-66 

»t*   OTMiN nePoiT   Kofi) r^nr •(ftvr m«M*«r« *•« m#r *• m»*i0*m* STMgN no 
fit« »■parti 

AFRPL-TR-67- 38 

10 »v»iL»»ii.iTr/LiiiiT»TioH«oTicii xn addition to security reqvilrements which must be met. 
this document is subject to special export controls end tuch trrincslttal to fcrGig; 
governments or foreign nationals nay be made only with prior approval of AFKPL 
( RFFH,S'mgO) , Ed-^-ards. California    955?'3  

11    lUPPLCMf NTAItV NOTII II   IPOMIOHIMO MklTAMT ACTIVITY 

AFRPL,  RTD 
Edwards Air Force Base,  California 

I]    «OJTPACT 

Studies of the preparation and properties of IMH-1 have continued.    Stabilizer has 
been incorporated Into product made by the continuous crystallization technique; 
improved thermal stability la observed in product fron the larger unit.    Flame 
photometry Is used to determine the equivalence point of the synthesis reaction. 
Teflon FEP showed excellent promise in the laboratory as a construction material 
for crystallizer, but adhesion of product atlll remained a problem In a 9-ßallon 
crystalllzer made from FEP stock Itema.    Hie decomposition mechanism is believed tc 
be the loss of suriace hydrogen and formation of nuclei and anion vacancies. Den- 
sity measurements of continuous and batch stabilized IMH-1 show the formation of 
a substltutlonal solid solution.    Bie degree of improvement in thermal stability 
of "aged," stabilized batch samples of IMH-1 correlates with the initial gatslng 
observed during testing at 60°C.    Water, Identified as a major canponent of the 
gas, plays a major role in the aging process.    The deccmposltion rate of standard 
IMH-1 in double base propellant at 25<'C. became constant at 0.1J$ per year,  re- 
quiring 508 days to reach 0.33^ deccmposltion; at 'iO°C.  it reached 0.69^ decemposi 
tlon in kjl days.    Double base propellant containing stabilizer-doped, DPA-treated 
IMH-1 shows a twofold improvement in stability over standard IMH-1 at both 25° and 
40oC.    Stabilized IMH-1 is remarkably stable at 60°C.    Propelljänt containing "aged' 
stabilized IMH-1 deconposed 0.7^ after 243 days.      Other stabilized and treated 
IMH-1 in double bain: and composite propellants also show a low degree of decomposl 
tion. 
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